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Commercial Ice Makers

AGENCY: Office of Energy Efficiency and Renewable Energy, Department of Energy.

ACTION: Notice of proposed rulemaking and public meeting.

SUMMARY: The Energy Policy and Conservation AEtL1975(EPCA), as amendegyrescribes
energy conservein standards for various consumer productscanthincommercial and
industrial equipment, includingutomatic commercial ice makéiCIM). EPCA also requires
the U.S. Department of Energy (DOE) to determine whether-stdrgent, amended standards
would betechnologically feasible and economically justified, and would save a significant
amount of energyin this notice, DOE proposes amended energy conservation standards for
automatic commercial ice makefidhe noticeof proposed rulemakinglso annances a public

meeting to receive comment on these proposed standards and associated analyses and results.

DATES: DOE will hold a public meeting oMonday,April 14, 2014 from 9 a.m. to 4 p.m., in

Washingbn, DC The meeting will also be broadcast asebimar. See sectiovill, fiPublic



Participationo for webinar registration information, participant instructions, and information

about the capabiles available to webinar participants.

DOE will accept comments, data, and information regarding this notice of proposed
rulemaking (NOPR) before and after the public meeting, but no laterlth&8&ERT DATE 60
DAYS AFTER DATE OF PUBLICATION IN THE FEDERAL REGISTER]. See section

VII, APublic Participatiord for details.

ADDRESSES:The public meeting will be held at the U.S. Department &gy Forrestal
Building, Room8E-089, 1000 Independence Avenue, SW., Washingix@ 20585. To attend,
please notify Ms. Brenda Edwards(202) 5862945.Persons can attend the public meeting via

webinar.For more information, refer teectionVIl, Public Participation 0

Any comments subnigd must identify the NOPR fd&nergy @nservatiorStandards for
Automatic Commercial Ice Makeend provide docket number RE-2010BT-STD-0037
and/or regulatory information number (RINJ04AC39. Comments may be submitted using

any of the following methods:

. Federal eRulemaking Portalww.regulations.govollow the instructions for submitting
comments.

. Email: ACIM-2010STD-0037@ee.doe.goinclude the docket numband/or RIN in the

subject line of the message.


http://www.regulations.gov/#!home;tab=search
mailto:ACIM-2010-STD-0037@ee.doe.gov

3.

Mail: Ms. Brenda Edwards, U.S. Department of Energy, Building Technologies Program,
Mailstop EE2J,1000 Independence Avenue, SW., Washington2D&850121. If possible,
please submit all items on a CD. It is not necessary to include printed copies.

Hand Delivery/CourierMs. Brenda Edwards, U.S. Department of Energy, Building

Technologies Programb90 L 0 E n f, @W.,tSuitP 608, ¥Vashington, XD024. Telephone:
(202) 5862945.If possible, please submit all items on a,@Dwhich casetiis not necessary to

include printed copies.

Written comments regarding the burdeour estimates or otherescts of the collection
of-information requirements contained in this proposed rule may be submitted to Office of
Energy Efficiency and Renewable Energy throughrtiethods listed above and byal to

Chad S Whiteman@omb.eop.gov

For detailed instructions on submitting comments and additional information on the

rulemaking process, see sect\ih of this document (Public Participation).

Docket:The docket, which includdsederaRegistemotices, public meeting attendee

lists and transcripts, comments, and other supporting documents/materials, is available for
review at regulations.gov. All docwents in the docket are listed in the regulations.gov index.
However, some documents listed in the index, such as those containing information that is

exempt from public disclosure, may not be publicly available.


mailto:Chad_S_Whiteman@omb.eop.gov

Thelink to the docket webpags the folbwing:

www.regulations.qov/#!docketBrowser:rpp=25:;p0=0;:D=EERHA G3BT-STD-0037 This

welpage will contain a link to the docket for tipigoposed ruleon the regulations.gosite. The
regulations.gov weatlmge will contain simple instructions on how to access all documents,
including public comments, in the dock&ee sectiorVIl for furtherinformation on how to

submit comments througlaww.regulations.gov

For further information on how to submit a comment, review othBligpaomments and
the docket, or participate in the public meeting, contact Ms. Brenda Edwards at (2284536

or by email:Brenda.Edwards@ee.doe.gov

FOR FURTHER INFORMATION CONTACT:

Mr. John CymbalskyU.S. Department of Energy, Office of Energy Efficiency and
Renewable Energy, Building Technologies Program2BE1000 Independence Avenue, SW.,
Washington, DC 20586121 Telephone:202)287-1692 Email:

automatic commercial ice makers@doe.gov

Mr. Ari Altman, U.S. Department of Energy, Office of the General Counsel7 GC
1000 Independence Avenue, SW., Washington, DC 20323. Telephone: (20287-6307.

Email: Ari.Altman@hg.doe.qgov
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I. Summary of the Proposed Rule

Title 1ll, Part C of theEnergy Policy and Conservation Act of 1975 (EP@Ahe Acj,
Pub. L.94-163 (42 U.S.C. 6316317, as codified), established the Energy Conservation
Program for Certain Industrial Equipment, a program covering certain industrial equfpment

which includes théocus of thisproposed ruleautomatic commercial ice makers

Pursuant toEPCA any new or amended energy conservation stantiat®OE
prescribes for theoveredequipmentsuch as automatic commercial ice maksig]l be
designed to achieve the maximum improvement in energy efficibatis technologically
feasibke and economically justifiegind would result in significant conservation of ene(gy

U.S.C. 6295(dR)(A) and(3)(B); 6313(d)(4))

In accordance with these and other statutory criteria discussed pndpsed rule DOE
proposes amendednservation standards fantomatic commercial ice makgrand new

standards for covered equipment not yet subject to energy conservation starttapmeposed

! For editorial reasons, upon codification in the U.S. Code, Part C veesignated Part-A.

2 All references to EPCA in this document refer to the statute as amended through the American Energy
Manufacturing Technid Corrections Act (AEMTCA), Pub. L. 11210 (Dec. 18, 2012).

3 EPCA as amended by the Energy Policy Act of 2005 (EPACT 2005) established maximum energy use and
maximum condenser water use standards for cube type automatic commercial ice makers witbalpaciées

between 50 and 2,500 Ib/24 hours. In this rulemaking, DOE proposes amending the legislated energy use standards
for these automatic commercial ice maker types. DOE did not, however, consider amendment to the existing
condenser water use stardafor equipment with existing condenser water standdrdthe preliminary TSD,

DOE indicated that the ice maker standards primarily focus on energy use, and that DOE is not bound by EPCA to
evaluate reductions in the condenser waserin automaticammercial ice makerandmay in fact consider

increases in condenser water use, if this is aeffsttive way to improve energy efficiencgectionV.D.3.d of
todaybés NOPR contains more information on DOE&ds anal ysi



standards, which consist mfaximumallowableenergyusagevalues per 10 of ice

producton, are shown iMablel.1 andTablel.2. Standards shown drablel.1 for batch type ice
makers represent an amendment to existing standards set for cube type icdynBREA in

42 U.S.C6313(d)(1) Table I.hlso showsiew standards for cube type ice makers with
expandedharvest capacitiagp to 4,00Qpoundsof ice per 24 houperiod(lb ice/24 hoursand an
explicit coverage of other types of batch machines, such asyjpbece makerstablel.2
provides proposed standards for continuous iypenakingmachine, which arenot covered by
DOEGO6s exi st Thamgopssedmmdards incdusie, for applicable equipment classes,
maximum condenser water usage vainggallonsper 100 Ib of ice productiotf. adopted, he

proposedstandardsvould apply to all equipment manufactured in, or imported into, the United

Statesbeginnng 3 years after the publication date of the final r#2 U.S.C. 6313{)(2)(B)(i)

and (3)(C)())

Table I.1 Proposed Energy Conservation Standardéor Batch Type Automatic
Commercial Ice Makers

Maximum .
Energy Use Maximum
. Type of Rated Harvest Rate . Condenser
Equipment Type Cooling Ib ice/24 hours —klll(?x/vr? t}lggulgs Water Use
(—)—ice* gal/100 Ib ice**
<500 5.841 0.0041H 200-0.022H
. O500 and | 3.887 0.0002H 200-0.022H
Ice-Making Head Water 01, 436 and 3.6 200:0.022H
02,500 and 3.6 145
<450 7.707 0.0065H NA
0450 and | 5.17i 0.0008H NA
Ice-Making Head Air 0875 and 45
02,210 and 6.89i 0.0011H NA
02,500and <4,000 4.1
Remote Condensing (by  Air <1,000 7.521 0.0032H NA
not remote compressor) Air Q1,000 and <4,000 4.3 NA
Remote Condensing an Air <934 7527 0.0032H NA
Remote Compressor Air (934 and <4,000 45 NA
<200 8.551 0.0143H 191-0.0315H
Self-Contained Water G200 and <2,500 5.7 191-0.0315H
2,500 and <4,000 5.7 112
. . <175 12.67 0.0328H NA
Self-Contained Air 8175 and <4,000 69 NA
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* H = ratedharvest rate in pounds per 24 hours, indicating the water or energy use for eatgdbarvest rate.

Source: 42 U.S.3&313(d).

** \Water use is for the condenser only and does not include potable water used to make ice.

Table |.2 Proposed Energy Conservation Standards for Continuous Type Automatic

Commercial Ice Makers

Maximum Maximum
Equipment Type Typg of Rateq Harvest Rate Energy Use Condenser
Cooling Ib ice/24 hours kWh/100 Ib Water Use
ice* gal/100 Ib ice**

<900 6.081 0.0025H 160-0.0176H

Ice-Making Head Water @00 and 2,500 3.8 160-0.0176H
2,500 anck4,000 3.8 116
lce-Making Head Air ] <700 9.241 0.0061H NA
O700 and <4,000 5.0 NA
Remote Condensing (by Air ) <850 7.57 0.0034H NA
not remote compressor) (B50 and <4,000 4.6 NA
Remote Condensing an Air ) <850 7.651 0.0034H NA
Remote Compressor (B50and <4,000 4.8 NA

<900 7.281 0.0027H 1530.0252H

Self-Contained Water (000 and 2,500 4.9 153-0.0252H
2,500 and <4,000 4.9 90
. ) <700 9.27 0.0050H NA
Self-Contained Air 5700 and <4,000 57 NA

* H = ratedharvest rate in pounds per 24 hours, indicating the water or energy use for eatgdbarvest rate.

Source: 42 U.S.C. 6313(d).

* Water use is for the condenser only and does not include potable water used to make ice.

A. Benefits and Costs Bustomes

Tablel3pr esent s

DOEOG s

eval uat

on of

t

he

on customes ofautomatic commercial ice makees measured by the average-tifele cost

(LCC) saving8 and themedian payback perig@®BP).> The average LCC savings are positive

for all equipment classunder the standasghroposed by DOE.

* Life-cycle cost of automatic commercial ice makers is the cost to customers of owning and operating the
equipment over the entire life of the equipment. ddfele cost savigs are the reductions in the liégcle costs due

econao.l

to the amended energy conservation standards when compared to-tleléifeosts of the equipment in the absence
of the amended energy conservation standards.
® Payback period refers to the amount ofdi(n years) it takes customers to recover the increased installed cost of
equipment associated with new or amended standards through savings in operating costs.
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Table 1.3 Impacts of Proposed Standards oiCustomers of Automatic Commercial Ice
Makers

Average LCC .
Equipment Class* Sa\g/]ings Median PBP

2012% wears

IMH-W-SmallB 328 2.27
IMH-W-Med-B 587 0.85
IMH-W-LargeB ™~ 833 0.69
IMH-W-LargeB-1 701 0.72
IMH-W-Large-B-2 1,260 0.58
IMH-A-Small-B 396 1.42
IMH-A-LargeB ~ 1,127 0.84
IMH-A-Large-B-1 1,168 0.82
IMH-A-Large-B-2 908 0.94
RCU-LargeB ~ 983 0.65
RCU-LargeB-1 963 0.62
RCU-LargeB-2 1,277 1.00
SCUW-LargeB 694 1.00
SCU-A-SmallB 396 1.56
SCU-A-LargeB 502 1.49
IMH-A-SmallC 391 0.97
IMH-A-LargeC 1,026 0.69
SCU-A-SmallC 146 1.85

*Abbreviations areIMH is ice-making head; RCU is remote condensing unit
SCU is seHcontained unitW is watercooled; A is aikcooled; Small refers to
the lowest harvest category; Med refers to the Medium category {oakrd
IMH only); RCU with and without remote compressgere modeled as one
group For three large batch categoriaspachine at the low end of the harves
range (B-1) and a machine at the higher end2Brere modeledvaluesare
shown only for equipment classes that have significant volume of shipment
and, therefore, were directly analyzed. See chapter 5 of the K&aRRcal
support documenfiEngineering Anbysis 0 for a detailed discussion of
equipment classemalyzed

** | CC savingsand PBP resultfor these classes are weighted averages of |
typical units modeled for the large classesing weights provided in TSD
chapter 7

B. Impact on Manufacturers

The industry net present value (INPV) is the sum of the discounted cash flows to the
industry from thepresentyear(2013 through the end of the analysis peri@@47). Using a real
discount rate 09.2 percent, DOE estimates that the INPV for manufactuofautomatic
commercial ice maketis $101.8million in 2012$. Under the proposestandardsDOE expects

that manufacturers may lose up2®.5percent of their INPVor approximately 83.9million.
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Based on DOEOGs i nter vi euwosatizwéomrherciallice makessnDOEa ct ur e

does not expect any plant closings or significant loss of employment.

C. National Benefits

DOEG6s anal yses i ndi c a tfoeautormatictcommbreal iper opo s ed
makerswvould save a significant amounterergy. The lifetime savings fequipmenpurchased
in the30-yearperiod that begins in the year of compliance with amended and new standards
(2018 2047f amount ta0.286 quadrillion British thermal unitsgiad$ of cumulativeenergy.
The cumulativenational net present value (NPV) of total customer savings of the
proposed standards for automatic commercial ice makers in 2012$ ranges ffotrb$llon (at
a 7-percent discount rate) to $51 billion (at a 3percent discount rate This NPV expresse
the estimatedbtal value of future operatingpst savings minus the estimated increassilled

costs forequipmenpurchased ithe period fron2018i 2047, discounted t@013

In addition, he proposed standardee expected thave significant environmental
benefits. Theenergysavings would result in cumulative emission reductiorisdagdmillion
metrictons (MMt)® of carbon dioxide (C§), 8.7 thousand tonsf nitrogen oxides (NQ), 0.3

thousand tons dfitrous oxide (NO), 758 thousand tons ahethane (Chk) and0.02 tons of

® The standards analysis period for national benefits covers tiieaB(eriod, plus the lifef equipment purchased

during the period. In the past DOE presented energy savings results for onlyyer @riod that begins in the

year of compliance. In the calculation of economic impacts, however, DOE considered operating cost savings

measured er the entire lifetime of products purchased in the/&ar period. DOE has chosen to modify its

presentation of national energy savings to be consistent with the approach used for its national economic analysis.

" These discount rates are used in acawéavith the Office of Management and Budget (OMB) guidance to

Federal agencies on the development of regulatory analysis (OMB CircdlaBéptember 17, 2003), and section

E, Aldentifying and Me as WurthendptaiB erepdvidet in sectdd®l2. Cost s, 06 t hel
8 A metric ton is equivalent to 11.S.short tons. Results fO,, Hg, and SQare presented in short tons.
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mercury (Hgj, and21 thousand tons afulfur dioxide(SO) based on energy savings from

equipment purchased oviixe period from 208 2047°.

The value of the Cg&reductions is calculated using a range of values per metric ton of
CO;, (otherwise known as the Social Cost of Carbon, or SCC) devetopkcecently updatioy
aninteragency process The derivation of the SCC value is discussed in set¥idn DOE
estimates the net present monetary value o€tBgemissiongeduction is betweendL02 and
$1.426 billion, expressed ir2012$ and discounted 2013. DOE also estimates the net present
monetary value of the N@missions reduction, expresse®012$ and discounted 2013, is
between $.54 and %.53 million at a Z#percent discount rate, and betwedn7$and #7.56

million at a 3percent discourrate™?

Tablel.4 summarizes the national economic costs and benefits expected to result from

todayods pr op oastenaticommercidieermakers f o r

Table 1.4 Summary of National Economic Benefits and Costs of Proposeéditomatic
Commercial Ice Maker Conservation Standards

Present Value

Category million 2012% Discount Rate
Benefits
: . 982 7%
Operating Cost Savings 2114 3%
CO, Reduction MonetizeWalue ($11.8/t cas®) 102 5%
CO, Reduction Monetized Value ($39.7/t case)* 463 3%
CO, Reduction Monetized Value ($61.2/t case)* 733 2.5%

° DOE calculates emissions reductions relative toAhaual Energy Outlok 2013 (AEO2013 ReferenceCase,

which generally represents current legislation and environmental regulations for which implementing regulations
were available as of December 31, 201

YDOE also estimated G@nd CQ equivalent (CGeq) emissions that occur through 2030 ¢€@includes
greenhouse gases such as,@htd NO). The estimated emissions reductions through 2030 &raillion metric

tons CQ, 576thousand tons C@q for CH, and25thousand tons C@q for NO.

M http://www.whitehouse.gov/sites/default/files/omb/assets/inforeg/techmiciitesociatcostof-carbonfor-
regulatorimpactanalysis.pdf

2DOE is currently investigating valuation of avoided Hg and &dissions
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CO, Reduction Monetized Value ($117/t case) 1,426 3%
. . 3 7%
kk
NO, Reduction Monetized Value ($2,63&4as¢ 10 3%
NS 1,448 7%
Total Benefité\AA 2587 3%
Costs
191 7%
Incremental Installed Costs 364 3%
Net Benefits
. . . 1,257 7%
Including CQ and NQ Reduction Monetized Value 2.223 3%

* The CQvalues represent global monetized values of the, 8CZD12$ in year 2015 under several scenari
of the updated SCC valueBhe values of $1.8, $39.7, and $1.2 per metric ton (t) are the averages of SCC
distributions calculated usinggercent, 3percent, and 2:percent discount rates, respectively. The value
$117.0t represents the $5ercentile of the SCC distribution calculated usingpe&ent discount rate. The
SCC time series used by DOE incorporate an escalation factor.

** The value represents the average of the low and highvN®Dl ues used i n DOEO®&s

A Tot al B e n e fpertest arfd the-Feroenttcdses tarh @eriv@d using the series corresponding t
SCC value of $9.71.

A DOE estimates reductions salfur dioxide, mercurymethane and nitrous oxidenissionsbut is not
currently monetizing these reductioff$wus, these impacts are excluded from the total benefits.

The benefits and cost sforaltomatioaranyeialic r opos e d
makerssold in2018i 2047, can also be expressed in termswohualized values. The annualized
monetary values are the sum of (1) theumtized national economic valoéthe benefits from
the operationof equipmenthat meet the proposed standar(tonsisting primarilyof operating
cost savings from using lesseegyand water minus increases in equipmenstalledcost,
which is another way of representiogstomeiNPV); and(2) theannualizednmonetary value of

the benefits of emission reductions, including,@@ission reductions’

3 DOE used a twetep calculation process to convert the tsedes of costs and benefits into annualized values.
First, DOE calculated a present valuii3 the year used for discounting the NPV of total consumer costs and
savings, for the timseries dcosts and benefits using discount rate8 ahd7 percent for all costs and benefits
except for the value of GQeductions. For the latter, DOE used a range of discount rates, as shbatmeh5.

From the present value, DOE then calculated the fixed annual payment ovgear 3@riod 2018through2047)

that yields the same present value. The fixed annual payment is the annualized value. Although DOE calculated
annualized values, this does not imply that the t&mees of cost and benefits from which the annualized values
were determined is a steady stream of payments.
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Although conbining the vales of operating savingandCO, emissionreductions
provides ausefulperspectivetwo issues should be considergdst, the national operating
savings are domestic U.&istomemonetary savingthat occur as a result ofarket
transactionswhile the value of C@reductions is based on a global valSecondthe
assessments of operatiogstsavings and C@savings are performed with differemethods that
usedifferent time frames foanalysis.The national operating cost savings is measaverthe
lifetimes of automatic commercial ice makesisipped fron2018 to 2047. The SCCvalues, on
the other hand, reflect the present valusarhefuture climaterelated impactsesultingfrom the

emission ofl ton of CO, in eachyear.These impactsontinuewell beyond 200.

Estimates of annualized benefits and costs of the proposed standards are Sraisa in
1.5. (All monetary values below aexpressed i2012$.) Tablel.5 shows the primary, lowet
benefits and highnet benefits scenarios. The primary estimate is the estimate in which the

operating cost savings were calculated usingftineual Energy OutlooR013 (AEO2013)

Reference Case forecast of future electricity prités.lownet benefits estimate atite high

net benefits estimate are based on the low and high electricity price scenarios AEO213
forecast respectively* Usinga 7-percent discount rafer benefits and costthe cosin the
primary estimat®f the standardgroposedn thisrule is 0 million per year in increased
equipment costgNote that DOE used agiercent discount rate along with the corresponding
SCC ses value of $9.7ton in2012$ to calculate the monetized value of £€nissions
reductions.)The annualized benefits aré@®!million per year in reduced equipment operating

costs, 87 million in CO, reductions, and®32million in reduced N@emissions. In this case,

“TheAEO20BBscenari os used are the AHigh Economicso and
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theannualizedhet benefit amounts tdl%0 million. At a 3-percent discount rafer all benefits
and coststhe costn the primary estimatef theamendedtandardproposedn this noticeis
$21 million per year in increased eipment costsThe benefits arelR1million per year in
reduced operating cost®Bmillion in CO, reductions, and@®55million in reduced NQ

emissionsin this casethe net benefit amounts ta&8 million per year.

DOE alsocalculated the low net benefits and high net benefits estimatesiculating
the operating cost savings astidpmentsat theAEO2013 low economic growth case and high
economic growth case scenarios, respectividdg. low and high benefits for incremeinta
installed costs were derived using the low and high price learning sceif&gaset benefits and
costs for low and high net benefits estimates were calculated in the same manner as the primary
estimate by using the corresponding values of operatiriggawsgs and incremental installed

costs.

Table 1.5 Annualized Benefits and Costs of Proposed Standards férutomatic Commercial
Ice Makers

. ) High Net
Discount Prl_mary Low Ngt Benefits Benefits
Estimate* Estimate* .
Rate | million 20128 | million 2012 Estimate”
million 2012$
Benefits
. . 7% 104 98 112
Operating Cost Savings 3% 121 113 132
CO, Reduction Monetized Valug o
($11.8/t case)* 5% 8 8 8
CO, Reduction Monetized Valug o
($39.7/t casey 3% 21 26 27
CO, Reduction Monetized Valug o
($61.2/t casey 2.5% 39 38 40
CO, Reduction Monetized Valug o
($117/t casey 3% 82 80 84
NO, Reduction Monetized Valu{ 7% 0.32 0.31 0.33
(at $2,63% casg** 3% 0.55 0.53 0.58
Total Benefits (Operating Cost 7% 131 124 139
Savings, C@Reduction and o
NO, Reduction) 3% 149 139 160
Costs
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7% 20 21 20
Total Incremental Installed Cos 3% 51 > 0
Net Benefits Less Costs
Total Benefits Less Incrementa 7% 110 103 120
Costs 3% 128 118 140

* The primary, low, and high estimates utilize forecasts of energy prices frofEtD2013 Reference Case, Low
Economic Growth Case, and High Economic Growth Case, respectively

** The CO, values represent globalonetizedvaluesof the SCCjn 2012%, in 2015 under several scenariofthe
updated SCC value¥he values of $1.8, $39.7, and $1.2 per ton are the averages of SCC distributions calculate
using 5percent, 3ercent, and 2-percent discount rates, respectively. The valuel@7¥per tonrepresents the
95th percentile of the SCC distribution calculated usingpar@ent discount rate. See sectidrl for details. For
NO,, an average value 2§39 of the low ($168) and high (4,809 values was used.

A Tot al emefits fertbath tye-percent and-percent cases utilize the centralimate of social cost of NO
and CQ emissions calculated at gp&rcent discout rate (averaged across three integrated assessmodalgm
which is equal to $9.7ton (in2012%).

DOE has tentatively concluded that the propagaddardsepresenthe maximum
improvement in energy efficiency that is technologically feasible and economically jysiified
would result in significant conservation of enefd¢f U.S.C. 6295(¢2)(B) and6313(d)(4))

DOE further notes thaechnologies used to achieteesestandard levels are already
commercially availabléor theequipmentlasses covered lijis notice Based on the analyses
described abovdOE has tentatively concluded thifie benefitof the proposed standartis
the Nation (energy savingsositive NPV ofcustomeibenefits,customel.CC savings, and
emission reductionsyould outweigh the burdens (loss of INRM manufacturerand LCC

increases for sommustomes).

DOE alsoconsiderednorestringentenergy use levels as trial standbreels(TSLs), and
is still considering them in this rulemakiridowever DOE has tentatively concluded that the
potentialburdens of thenore stringentenergy use levels would outweigh fv®jectedbenefits.
Based on consideration thfe public comment®OE receives in response to thi®posed rule
and related informatiooollected and analyzed during the course of this rulemaking ,eifQE

may adopt energy use levels presented in this notice that are either higher or lower than the
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proposed standardsr somecombination ofevel(s)that incorporatéhe proposed standarits

part

[l. Introduction

The following section briefly discusses the statutory authority underiiegroposal
as well as some of the relevant historical background related to the establishment of standards for

automatic commercial ice makers

A. Authority

Title 1ll, Part C of EPCA™ Pub. L. 94163 (42 U.S.C. 6316317, as codified),
established the Energy ConserwatProgram for Certain Industrial EqQuipment, a program
covering certain industrial equipment, which includessthigiect of this rulemakingiuutomatic

commercial ice maker$

EPCAprescribed energy conservation standardsidwomatic commercial ice meis
that produce cube type ice with capacities between 50 andIB,B@P4 hours. (42 U.S.C.
6313(d)(1))EPCA requires DOE to review these standards and determine, by January 1, 2015,
whether amending the applicable standards is technically feasibézandmically justified. (42
U.S.C. 6313(d)(3)(A)) If amended standards are technically feasible and economically justified,

DOE must issue a final rule by the same date. (42 U.S.C. 6313(d)(3)(B)) Additionally, EPCA

15 For edtorial reasons, upon codification in the U.S. Code, Part C wdssignated Part-A
16 All references to EPCA in this document refer to the statute as amended through the American Energy
Manufacturing Technical Corrections Act (AEMTCA), Pub. L. 3210 Qec. 18, 2012).
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grantedDOE the authorityto conduct ridmakings to establish new standardsaistomatic
commercial ice makensot covered by 42 U.S.C. 6313(d)(1and DOE is using that authority in

this rulemaking (42 U.S.C. 6313()(2)(A))

Pursuantto EPCADOEG6S ener gy conser vaudipmenhgenemllygr am |
consists of four parts: (1) testing; (2) labeling; (3) the establishment of Federal energy
conservation standards; and (4) certification and enforcement proceSiuingsct to certain
criteria and conditions, DOE is required to develsp peocedures to measure the energy
efficiency, energy use, or estimated annual operating cost otygsebr class ofovered
equipment. (42 U.S.C. 6314) Manufacturers of covered equipment must use the prescribed DOE
test procedure as the basis for ¢girig to DOE that theiequipmentompieswith the
applicable energy conservation standards adopted under.E5@iarly, DOE must use these
test procedures to determine whetthat equipment compliesith standards adopted pursuant
to EPCA.(42 U.S.C6295(s)) Manufacturers, when making representations to the public
regarding the energy use or efficiency of that equipment, must use the prescribed DOE test
procedure as the basis for such representations. (42 U.S.C. 63 MOE test procedures for
auomatic commercial ice makers currently appear at title 10 of the Code of Federal Regulations

(CFR) part 431, subpart H.

DOE must follow specific statutomyiteria for prescribing amended standards for
covered equipment. As indicated above, any amertdedard for covered equipment must be
designed to achieve the maximum improvement in energy efficiency that is technologically

feasible and economically justified. (42 U.S.C. 6295(0)(2)(A) an@@3®)) Furthermore,
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DOE may not adopt any standard thatigonot result in the significant conservation of energy.

(42 U.S.C. 6295(0)(3) and 63()(4)) DOE alsomay not prescribe a standard: (1) for certain
industrialequipment, includingqutomatic commercial ice makeisno test procedure has been
established fothe productpr (2) if DOE determines by rule that the proposed standard is not
technologically feasible or economically justified. (42 U.S.C. 6295(0)(Bf&Y)and 633(d)(4))

In deciding whether a proposed standard is economically eetilOE must determine whether

the benefits of the standard exceed its burdens. (42 U.S.C. 6295(0)(2)(B)(i) 8(d)@3)1L

DOE must make this determination after receiving comments on the proposed standard, and by
considering, to the greatest extent pratile, the following seven factors:

. The economic impact of the standard on manufacturers and consumers of the equipment subject
to the standard,;

. The savings in operating costs throughout the estimated average life of the covered equipment in
the type (orclass) compared to any increase in the price, initial charges, or maintenance expenses
for the covered equipment that are likely to result from the imposition of the standard;

. The total projected amount of energy, or as applicable, water, savingsdikebutt directly

from the imposition of the standard,

. Any lessening of the utility or the performance of the covered equipment likely to result from the
imposition of the standard,;

. The impact of any lessening of competition, as determined in writingelly. $ Attorney
GeneralAttorney General)that is likely to result from the imposition of the standard;

. The need for national energy and water conservation; and

. Other factors the Secretany Energy (Secretaryjonsiders relevant.

(42 U.S.C6295(0)(2)(B(i)(1)i (VIT) and 63B(d)(4))
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EPCA, as codified, also -banokalndi whatprevk

which prevents the Secretary from prescribing any amended standard that either increases the
maximum allowable energy use or decreases themam required energy efficiency of covered
equipment(42 U.S.C. 6295(0)(1) and 63(H)(4)) Also, the Secretary may not prescribe an
amended or new standard if interested persons have established by a preponderance of the
evidence that the standard is likéo result in the unavailability in the United States of any
covered product type (or class) of performance characteristics (including reliability), features,
sizes, capacities, and volumes that are substantially the same as those generally avhigable in

United Stateg(42 U.S.C. 6295(0)(4) and 63(t)(4))

Further, EPCA, as codified, establishes a rebuttable presumption that a standard is
economically justified if the Secretary finds that the additional cost to the consumer of
purchasing a product complying with an energy conservation standard level lsgkliean
three times the value of the energy savings during the first year that the consumer will receive as
a result of the standard, as calculated under the appliesblerocedurgSee42 U.S.C.
6295(0)(2)(B)(iif) and 633(d)(4)) Sectionlll.E.2 presents additionaliscussioraboutrebuttable

presumption payback peri¢BRPBP)

Additionally, 42 U.S.C. 6295(q)(13pecifiesrequiremets when promulgating standard
for a type or class of coverediuipmentDOE must specify a different standard level than that
which applies generally to such type or classaiipmenfor any group of covered products

that ha thesame function or inteted use if DOE determines that products within such group
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(A) consume a different kind of energy from that consumed by other cosgugamentvithin

such type (or class); or (B) have a capacity or other performratated featuréhatother
equipmenwithin such type (or class) do not have and such feature justifies a higher or lower
standard(42 U.S.C. 629(q)(1)) In determining whether a performancegated feature justifies a
different standard for a group efuipment DOE must consider such factors as the utility to the
consumer of the feature and other factors DOE deems approfatigiay rule prescribing such

a standard must include an explanation of the basis on which such higher or lower level was

established(42 U.S.C. 6295(q)(2))

Federal energy conservation requirements generally supersede State laws or regulations
concerning energy conservation testing, labeling, and stan@?dd.S.C. 6297(a)c) and
6316(f)) DOE may, however, grant waivers of Federagmnption for particular State laws or
regulations, in accordance with the procedures and other provisions set forth under 42 U.S.C.

6297(d) and 6316(f).

DOE has also reviewed this regulation pursuant to Executive Order 13563, issued on
January 18, 20176 FR 3821 (Jan. 21, 2011 Executive Ordefl 3563 is supplemental to and
explicitly reaffirms the principles, structures, and definitions governing regulatory review
established in Executive Order 12868.FR 51735 (Oct. 4, 1993))o the extent permittedyb
law, agencies are required by Executive Order 13563 to: (1) propose or adopt a regulation only
upon a reasoned determination that its benefits justify its costs (recognizing that some benefits
and costs are difficult to quantify); (2) tailor regulati®oasmpose the least burden on society,

consistent with obtaining regulatory objectives, taking into account, among other things, and to
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the extent practicable, the costs of cumulative regulations; (3) select, in choosing among
alternative regulatory approaes, those approaches that maximize net benefits (including
potential economic, environmental, public health and safety, and other advantages; distributive
impacts; and equity); (4) to the extent feasible, specify performance objectives, rather than
specfying the behavior or manner of compliance that regulated entities must adopt; and (5)
identify and assess available alternatives to direct regulation, including providing economic
incentives to encourage the desired behavior, such as user fees or rreapetalis, or

providing information upon which choices can be made by the pUBlER 321 (Jan. 21,

2011).

DOE emphasizes as well that Executive Order 13563 requires agencies to use the best
available techniques to quantify anticipated present andeflsenefits and costs as accurately as
possible. In its guidance, the Office of Information and Regulatory Aff@iiRA) has
emphasized that such techniques may include identifying changing future compliance costs that
might result from technological imwation or anticipated behavioral chang&&FR 321 (Jan.

21, 2011)For the reasons stated in the preamble, DOE believethitBYOPR is consistent
with these principles, including the requirement that, to the extent permitted by law, benefits

justify costs and that net benefits are maximized.

Consistent wittExecutive Ordefl3563, and the range of impacts analyzed in this

rulemaking, the standasgroposed herein by DOE achieves maximum net benefits.
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B. Background

1. Current Standards

In a final rule published on Octob#8, 2005, DOE adopteitie energy conservation
standardsind water conservation standapdsescribed by EPCA 42 U.S.C. 6313(d)(Ifpr
certainautomatic commercial ice makers manufactured on or after January 1, Q0AR .af
60407 60415 16. These standards consist of maximum energy use and maximum caendense
water use to produce 100 pounds of ice for automatic commercial ice makers with harvest rates

between 50 and,2001b ice/24 hoursThese standardgpear atl0 CFR part 431, subpart H,

Automatic Commercial Ice Makersablell.1 presersD OE 6 s

standards foautomatic commercial icmakers

enengy censetrvation

Table Il .1 Automatic Commercial Ice Makers Standards Prescribed by EPCAI
Compliance Required Beginning onJanuary 1, 2010

_ Type of Harvest Rate Maximum Maximum Conqenser
Equipment Type Cooling Ib ice/24 hours Energy Us_e Water Usc_e
—_— kWh/100 Ib ice gal/100 Ib ice
<500 7.8-0.0055H 200-0.022H
Water 0500 a&86d| 5.580.0011H 200-0.022H
Ice-Making Head O 1436 4.0 200-0.022H
Air <,450 10.260.0086H Not Appl_icable
0450 6.890.0011H Not Applicable
Remote Condensing (but n¢ Air §1,000 8.850.0038H Not Applicable
remote compressor) O 1000 5.10 Not Applicable
Remote Condensing and Air <,934 8.850.0038H Not Applicable
Remote Compressor 09314 5.30 Not Applicable
Water <200 11.40.019H 191-0.0315H
SeltContained 0200 7.60 191—0.0:_%15H
Air <175 18.0-0.0469H Not Appl!cable
0175 9.80 Not Applicable

Source: 42 U.S.C. 6313(d).

* Water use is for the condenser only and does not include potable water used to make ice.
** H = harvestrate in pounds per 24 hours, indicating the water or energy use for a given harvest rate.

2. History of Standards Rulemaking fAutomatic Commercialde Makers

As stated abovdsPCA prescribes energy conservation standardswater conservation

standardgor certain cube type automatic commercial ice makers with harvest rates between 50
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and 2,500b ice/24 hoursself-contained ice makers and ioeking head$§IMHS) using air or

water for cooling and ice makers with remote condensing with or without a remote compressor.
Compliance with these standards was required as of January 1, 2010. (42 U.S.C. 6313(d)(1))
DOE adopted these standards and placed them udeFRpart 431, subpart H, Automatic

Commercial Ice Makers.

In addition,EPCA requires DOE to conduct a rulemaking to determine whether to amend
the standards established under 42 U.S.C. 6313(d)(1), and if DOE determines that amendment is
warranted, DOE must adssue a final rule establishing such amended standards by January 1,

2015. (42 U.S.C. 6313(d)(3)(A))

FurthermoreEPCA granted DOE authority to set standards for additional types of
automatic commercial ice makers that are not covered in 42 U.S.Cd§3})3(42 U.S.C.
6313(d)(2)(A)) While not enumerated in EPCA, additional types of automatic commercial ice
makers DOE identified as candidates for standards to be established in this rulemaking include
flake andnugget, as well as batch type ice makeas &éne not included in the EPCA definition of

cube type ice makers.

To satisfyits requiremento conduct a rulemakindOE initiated the current rulemaking
onNovember 42010by publ i shing on its websAutbneatici t s fARu

Commercal Ice Makers orheframework document is available at:

www.regulations.gov/#!'documentDetail;D=EERB10BT-STD-00370024)
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DOE also published a notitce the Federal Registeannouncing the availability of the

Framework documenas well asa public meeting to discuss the document. The notice also
solicited comment on the matters raised in the docum&mR70852(Nov. 19 2010). The
Framework document described the procedural and analytical approaches that DOE anticipated
using to evaluatamendedtandards foautomatic commercial ice makesesd identified

various issues to be resolvedlie rulemaking.

DOE held thesramework publt meeting orbecember 162010, atwhich it: (1)
presented the contents of themework document; (2) described the analyses it planned to
conduct during the rulemaking; (3) sought comments from interested parties on these subjects;
and (4) in general, sght to inform interested parties about, and facilitate their involvement in,
the rulemaking. Major issues discussed at the public meeting included: (1) the scope of coverage
for the rulemaking; (Requipment classe§3) analytical approaches and methoded in the
rulemaking (4) impacts of standards and burden on manufactuf@rsechnology optiony6)
distribution channels, shipments, and end users; (7) impacts of outside regulations; and (8)
environmental issue#t the meeting and during the commh@eriod on thé&ramework
document, DOE received many comments that helped it identify and resolve issues pertaining to
automatic commercial ice makerdevant to this rulemaking hesecommentsarediscussed in

subsequent sections of this notice

DOE then gathered additional information and performed preliminary analyses to help
reviewstandards for this equipment. This process culminated in pMEshinga noticeof

another public meetin@he January 2012 notict) discuss and receive commerggardingthe
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tools and methods DOE used in performing its preliminary anagsisell agheanalyses
results 77 FR 3404 (Jan 24, 2012. DOE also invited written comments on these subjects and
announced the availability on its website of a prelimiraarglysistechnical support document
(preliminary analysis TSPId. (Thepreliminary analysis TS» available at:

www.regulations.gov/#!'documentDetail;D=EERB10-BT-STD-00370026 Finally, DOE

sought commentsoncerning other relevant issues tbaild affect amendedtandards for

automatic commercial ice makems that DOE should address in tNNOPR Id.

Thepreliminary analysis TSIprovided an overview of DAE seviewof thestandards
for automatic commercial ice makediscussed the comments DOE received in response to the
Framework documenandaddressedssues including the scope of coverage of the rulemaking
The document alsdescribed the analytical framework that DOE used (and continues to use) in
consideringamendedtandards foautomatic commercial ice makenscluding a description of
the methodology, the analytical tools, and the relationships between the variogesaitizy are
part of this rulemaking. Additionally, th@reliminary analysis TSPresented in detail each
analysis that DOE had performed fbis equipmentip to that point, including descriptions of
inputs, sources, methodologies, and results. Thesgsasalere as follows:

A market and technology assessnastdressed the scope of this rulemaking, identdasdting

and potential new equipmeciasses foautomatic commercial ice makecharacterized the
markets forthis equipmentand reviewed techniques and approaches for impragng

efficiency;
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A screening analysi®viewed technology options to improve the efficiencautomatic

commercialice makeyrs and wei ghed these options against
criterig

An engineering analysisstimated the manufacturer selling prices Bdpassociated with more

energyefficientautomatic commercial ice makers

An energyand watewuse analysisievelopedhe annual energgnd wateusage valuesfor

economic analysis afutomatic commercial ice makers

A markups analysisonverted estimated MSPs derived from the engineering analysis to

customempurchaserices;

A life-cycle cost analysisalculated, for individuatustomes, the discounted savings in

operating costs thrgiout the estimated average lifeanftomatic commercial ice makers
compared to any increase in installed costs likely to result directly from the imposition of a given
standard;

A payback period analysestimated the amount of timenbuld takecustomes to recover the

higher purchase price of more enegfficient equipmenthrough lower operating costs;

A shipments analysisstimated shipments afitomatic commercial ice makerger the time

period examined in the analysis;

A national impact analysifNIA) assessed the national energy sav{hgsS), and the national

NPV of total customeicosts and savings, expected to result from specific, potential energy

conservation standards fautomatic commercial ice makeend

A preliminary manufacturer impaanalysigMIA) took the initial steps in evaluating the

potentialeffects on manufacturers amendecefficiency standards.
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The public meeting announced in thenuary 2012otice took place ofebruary 16,
2012(February 2013reliminary analysipublic meeting} At the February 201reliminary
analysispublic meeting, DOE presented the methodologies and results of the analyses set forth
in thepreliminaryanalysis TSDInterested partigsrovided commentsn the following issues:

(1) equipment lasses; Z) technology options;3) energy modelingndvalidation of engineering
models (4) cost modeling; (5narket information, includingistribution channeland

distribution markips (6) efficiency levels(7) life-cycle costs to customers, including

installation, repair and maintenance costs, and water and wastewater prices; and (8) historical
shipmentsThe comments received since publication ofXheuary 201otice, including those
received at th&elruary 2012preliminary analysis public meeting have contri buted
proposed resolution of the issues in this rulemaking as they pertautoimatic commercial ice

makers This NOPR responds to the issues raised by the comments. (A parenthetieacetit

the end of a quotation or paraphrase provides the location of the item in ther@cdnd)

[1l. General Discussion

A. List of Equipment Class Abbreviations

In this notice equipment classanes ardrequently abbreviatedrheabbreviations are

shownon Tablelll .1.

Table Il .1 List of Equipment Class Abbreviations

. _ Condenser Rated Harvest
Abbreviation Equipment Type Type Rate Ice Type
Ib ice / 24 hours
IMH -W-SmallB Ice-Making Head Water <500 Batch
IMH -W-Med-B Ice-Making Head Water 0500 an d|Batch
IMH -W-LargeB* Ice-Making Head Water O1, 436 a|Batch
IMH-A-SmallB Ice-Making Head Air <450 Batch
* k%
I(’;/:SH()-'IA\I\-/Iﬁ,rA?izréeB-l) Ice-Making Head Air 0450 an qBatch
IMH -A-ExtendedB*,** |lce-Making Head Air 0875 an d|Batch
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(also IMH-A-LargeB-2)

RCU-NRC-SmaltB Remote Condensing, not | ;, <1,000 Batch
Remote Compressor

RCU-NRC-LargeB* | Remote Condensing, not | ;. 61, 000 a|Batch
Remote Compressor

RCU-RC-SmallB Remote Condensing, and | ;, <934 Batch
Remote Compressor

RCU-RC-LargeB Remote Condensing, and | ;, 6934 and|Batch
Remote Compressor

SCU-W-SmallB Self-Contained Unit Water <200 Batch

SCUW-LargeB Self-Contained Unit Water 0200 an d|Batch

SCU-A-SmallB Self-Contained Unit Air <175 Batch

SCU-A-LargeB Self-Contained Unit Air 0175 an d|Batch

IMH-W-SmallC Ice-Making Head Water <900 Continuous

IMH-W-LargeC Ice-Making Head Water 09 00 a n d| Continuous

IMH-A-SmallC Ice-Making Head Air <700 Continuous

IMH-A-Large-C Ice-Making Head Air 0700 an d| Continuous

RCU-NRC-SmallC Remote Condensing, not Air <850 Continuous
Remote Compressor

RCU-NRC-LargeC Remote Condensing, not Air 0850 an d| Continuous
Remote Compressor

RCU-RC-SmallC Remote Condensing, and Air <850 Continuous
Remote Compressor

RCU-RC-LargeC Remote Condensing, and Air 0850 an d| Continuous
Remote Compressor

SCUW-SmallC SelfContained Unit Water ) <900 Continuous

SCUW-LargeC SelfContained Unit Water 09 00 an d| Continuous

SCU-A-SmallC SelfContained Unit Air ) <700 Continuous

SCU-A-LargeC SelfContained Unit Air O7 00 an d| Continuous

*IMH -W-LargeB, IMH-A-Large B, and RCUNRC-Large B were modeled isome NOPRanalyses as two different
units, one at the lower end of tregedharvest range and one near the high end afafeelharvest range in which a
significant number of units agvailable. In the LCC and NIA modetsie low and high harvest rate models were
denoted simply asB and B2. Where appropriate, the analyses add or perform weighted averages of the two ty
sizes to present class level results.

*|MH -A-LargeB was estblished by EPACTR005 as a class between 450 and 2,500 Ib ice/24 Houhss notice,
DOE is proposing to divide this into two classes,
i Medi umod a imthe IFCC and 1A madeling, thiwas denoted as-B and B2. Theratedharvest ratéreak
point shown above is based on TSL 3 results.

B. Test Procedures

On December 8, 2006, DOE published a final rule in which it addjate@onditioning

and Refrigeration InstitutéARl) Standard10-2003 iiPerformance Rating &futomatic

Commercial IceMakerso with a revised method for calculating energy @sethe DOE test

procedure for this equipmenrithe DOE rule included alarification tothe energy use rate

equation to specify that the egg use be calculated using the entire mass of ice produced during

the testing period, normalized to 1®0of ice produced/1 FR71340, 71580 (Dec. 8, 2006)
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ARI Standard310-2003requires performance tests to be conducted according fntbacan
National Standards Institute (ANSHmerican Society of Heating, Refrigerating, and-Air
Conditioning Engineers (ASHRAE) Stand&@1988 (reaffirmed 2005}iMethod of Testing
Automatic Ice Maker® The DOE test procedure incorporated by reference the ANSI/ARHRA

Standard 294988 (Reaffirmed 2005) as the method of test.

OnJanuary 112012, DOE published gest procedurénal rule (2012 test procedure
final rule)in which itadoptedseveramendmentso the DOE test procedure. This included an
amendmento incorporate by referendg®r-Conditioning, Heating, and Refrigeration Institute
(AHRI) StandardB10-2007, which amends ARI Standard 82003 to expand the capacity range
of covered equipment, provide definitions and specific test procedures for batanéndaus
type ice makers, and provide a definition for ice hardness fastdhe DOE test procedure for
this equipment77 FR 1591(Jan 11, 2012) In March 2011, AHRI published Addendum 1 to
Standard812 007, which revi sed attheee duesfei miattiecdn amfd fay
definitions for Apurge or dump water o and fha
incorporated this addendum to the AHRI Stand@he 2012 test procedure final rule also
included anamendment to incorporate byfeeencethe updatedANSI/ASHRAE Standard29-

2009 Id.

In addition the2012 test procedure final rule included severalendments designed to

address issudbhat were not accounted for by the previous DOE test procedufeR atl593

(Jan 11, 2012. First, DOE expanded the scope of the test procedure to include equipment with
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capacities from 50 t0,d00Ib ice/24 hours.’ DOE also adopted amendments to provide test
methods for continuous type ice makers smsgtandardizéhe measurement of energy amater

use for continuous type ice makers with respect to ice hardnegkge2012test procedure final

rule, DOE alsoclarified the test method and reporting requirements for remote condensing
automatic commercial ice makers designed for connectiomtoteecompressor rackisinally,
the2012test procedurénal rulediscontinued the use of the clarified energy use rate calculation
and instead requideenergyuse to be calculated per 1@0of ice as specified in ANSI/ASHRAE
Standard 22009.The 2012test procedure final rule became effective on February 10, 2012,
and the changes set forthtire final rule becamemandatory for equipment testing starting

January 7, 20137 FR at 1593 (Ja1, 2012)

The test procedure amendments established inOl&t@st procedure final rulare
required to baised in conjunction with anyewstandards promulgated as a result of this
standard rulemaking.Useof theamended test proceduredemonstrateompliance with DOE
energy conservation standarddarrepresentations with respect to energy consumption of
automatic commercial ice makassrequired orthe compliance date of any energy conservation
standardestablished as part of this rulemakiagd on January, 2013 for the energy
conservation standas set inthe Energy Policy Act of 200EPACT 200%. 77 FR at 1593 (Jan.

11, 2012)

" EPCAdefinesautomatic commercial ice makern 42 U. S. C. 6 3nade(adsénbly@at fa factor
necessarily shipped in 1 package) éhét) Consists of a condensing unit and-icaking section operating as an

integrated unit, with meafor making and harvesting ice; and (2) May include means for storing ice, dispensing

ice, or storing and dispensing iod his definitionincludes commercial icemaking equipment up to 4,000 Ib i2é

hours though DOE hadot previouslyestablishedestprocedures and standarfds units with the capacity between

2,500 and 4,000 Ib ice/24 hou&hile 42 U.S.C. 6313(d)(1) explicitly sets standards for ¢ype ice makers up to

2,500 Ib icé24 hours, 6313(d)(Qrovidesauthority to set standards fother equipment typésall of which are

covered by the EPCA definition of an automatic commercial ice maker.
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C. Technological Feasibility

1. General

In each standards rulemaking, DOE conducts a screening analysis, which it bases on
informationthatit has gathered on all current teclogy options and prototype designs that
could improve the efficiency of the products or equipment that are the subject of the rulemaking.
As the first step in such analysis, DOE develops a list of design options for consigaration
consultation withmarufacturers, design engineers, and othtarested parties. DOE then
determines which of thesgtionsfor improving efficiency are technologically feasible. DOE
considers a design option to be technologically feasible iLisas by the relevant industror if
a working prototypénas been developet@lechnologies incorporated in commergiavailable
equipmenbr in working prototypes will be considered technologically feasible. 10 CFR 430,
subpart C, appendix A, section 4(a)(4)(i) Although DOE consigeirmologies that are
proprietary, it will not consider efficiency levels that can only be reached through the use of
proprietary technologies.€., a unique pathway), which could allow a single manufacturer to

monopolizeor controlthe market.

Once DOEhas determined that particular design oiaretechnologically feasible, it
further evaluates eadt thesedesign optiorin light of thefollowing additional screening
criteria (1) practicability to manufacture, install, or service; (2) adversedtama product
utility or availability; and (3) adverse impacts on health or safety. 10 CFR part 430, subpart C,
appendix A, section 4(a)(4)(iijiv) Chapter 4 of the NOPR TSdiscusses the results of the

screening analyses fautomatic commercial ice meks Specifically, it presents the designs
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DOE considered, those it screened out, and those that drastgor the TSLs in this

rulemaking.

2. Maximum Technologically Feasible Levels
When DOE proposes to adopt (or not adopt) an amended or new energywabos
standard for a type or class of covered equipment sughtashatic commercial ice makers
determines the maximum improvement in energy efficiency that is technologically feasible for
such equipmentSee42 U.S.C. 6295(p)(1and 633B(d)(4)) Accordingly, in the preliminary
analysisDOEd et er mi ned t he maxi mum 4 ecimggvémemgsincal |y
energy efficiencyor automatic commercial ice makensthe engineering analysis using the
design parameters thaassed the screening analySisechapter5 of the NOPR TSD for the

results of the analyses, antist of technologies included in mdgch equipment.

As indicated previously, whether efficiency levels exist or can be achieved in commonly
usedequipments not relevant to whether they are ntaxh levels. DOE considers technologies
to be technologically feasible if they are incorporated in any currently available equipment or
working prototypes. Hence,maaxtechlevel results from the combinati of design options
predicted to result in the highest efficiency lepetsiblefor an equipment class, with such
design options consisting of technologies already incorporated in comnegyeigmenor
working prototypesDOE notes that it reevaluatéte efficiency levels, including the magch
levels, when it updated its results for this NOFPRblelll .2 andTablelll .3 show the mastech
levels determined in the engineering analysisfich and continuous tyeitomatic

commercial ice makersespectively
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Table Il .2 Max-Tech Levels for Batch Automatic Commercial Ice Makers

Equipment Type * Energy Use Lower than Baseline
IMH-W-SmallB 30%
IMH-W-Med-B 22%

W 17% (at 1500 Ibice/24 hours)
IMH-W-LargeB 16% (at 2600 Ibice/24 hours)
IMH-A-SmaltB 33%

AL 33% (at 800 lhice/24 hours)
IMH-A-LargeB 21% (at 1500 Ibice /24 hours)
RCU-SmallB Not analyzed similar to IMH-A-LargeB (1500)

21% (at 1500 Ibice/24 hours)
RCU-LargeB 219% (at 2400 Ibice/24 hours)
SCU-W-SmallB Not analyzed similar to SCUA-LargeB
SCUW-LargeB 35%
SCU-A-SmallB 41%
SCU-A-LargeB 36%

* IMH is ice-making head; RCU is remote condensing unit; SCU isceglfained

unit; W is watercooled; A is aircooled; Small refers to the lowest harvest category
Med refers to the Medium category (wataoled IMH only); Large refers to the larg
size category; RCU units were modeled as one with line losses used to distinguis
standards.

** For equipmentlasseshat were not analyze®OE did not develop specific cost
efficiency curves but attributed the curve (and maximum technology point) from ¢
of the analyze@quipmentlasses

Table Il .3 Max-Tech Levels for Continuous Automatic Commercial Ice Makers

Equipment Type Energy Use Lower than Baseline
IMH-W-SmaltC Not analyzed similar to IMH-A-LargeC (820)
IMH-W-LargeC Not analyzedat 1,000 Ib/dayi similar to IMH-A-

LargeC (820)
Not analyzed at BOO Ib/dayi similar to IMH-A-
LargeC (820)
IMH-A-SmallC 25.3%
IMH-A-LargeC 17% (at 820 lbce/24 hours)
Not analyzed at,800 Ib/dayi similar to IMH-A-
LargeC (820)
RCU-SmallC Not analyzed similar to IMH-A-LargeC (820)
RCU-LargeC Not analyzed similar to IMH-A-LargeC (820)
SCU-W-SmaltC Not analyzed similar to SCUA-SmaltC
SCU-W-LargeC* No units available
SCU-A-SmallC 24%
SCU-A-LargeC* No units available
*DOEG6 s i nv eeguipmenantthie marketardvealed that there are no existir

products in either of these tveguipmentlasses (as defined in this NOPR)

** For equipmentlasses that were not analyzed, DOE did not develop specific cc
efficiency curves but attributed the curve (and maximum technology point) from ¢

of the analyze@quipmentlasses
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D. Energyand WateiSavings

1. Determination of Savings

For each TSL, DOE pjected energy savings from automatic commercial ice makers
purchased in the 3@ear period that begins in the year of compliance with amended and new
standards (2012047). The savings are measured over the entire lifetiraguapment
purchased in the 3gear periodDOE quantified the energy savings attributable to each TSL as
the difference in energy consumption between each standards case and the base case. The base
case represents a projection of energy consumption in the absence of amended mandatory
efficiency standards, and considers market forces and policies that affect demand for more

efficientequipment

DOE used its NIA spreadsheet model to estimate energy savings from amended standards
for theequipmenthat are the subject of this rulemakifidie NIA spreadsheet model (described
in sectionlV.H of this notice) calculates energy savings in site energy, which is the energy

directly consurad byequipmentt the locations where they are used.

Because automatic commercial ice makers use water, water savings were quantified in

the same way as energy savings.

For electricity, DOE reports national energy savings in terms of the savingseirgy that

is used to generate and transmit the déetecity. To converthis quantity DOE derive annual

conversion factors from the model used to pre

(E1A6)sAnnual Energy Outlook
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DOE has also begun @astimate fullfuel-cycle (FFC) energy savingg6 FR 51282 (Aug.
18, 2011) The FFC metric includes the energy consumed in extracting, processing, and
transporting primary fuels, and thus presents a more complete picture of the impacts of
efficiency standa d s . DOEG6s approach is based on cal cul :

the fuels used by coveredjuipment

2. Significance of Savings
As noted above, 42 U.S.C. 6295(0)(3)(B) prev@&®E from adopting a standafar a
covered product unless such starttiwould resulin fisignificand energy savingsAlthoughthe

term Asigni fi c aheAcHtheiUsS. Gourttof Adpedlsi Natardl Resaurces

Defense Council v. Herringtoi@68 F.2d 1355, 1373 (D.C. Cir. 1985), indicated that Congress

intencedfisignificant energy savings thiscontext o be savings that were
trivial .o The est i &geaecadalygsperiodfor theSls (presergesini n t he
sectionV.A) are nontrivial, andherefore, DOE considers thamignificand within the meaning

of section 325 ocEPCA

E. Economic Justification

1. Specific Criteria
EPCA provides seven factors toéeluated in determining whether a potential energy
conservation standard is economically justified. (42 U.S.C. 6295(0)(2)&Bip3B(d)(4)) The

following sections generally discuss how DOE is addressing each of those seven factors in this
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rulemakingFor further details and the results of

justification, see sectiol¥ andV o f t oulemakidgs

a. Economic Impact on Manufacturers and Commercial Customers

In determining the impacts of an amended standard on manufacturers, DOE first uses an
annual caslilow approach to determine the quantitative impacts. This step includes both-a short
term assessmeahtbased on the cost and capital requirements during the period between when a
regulation is issued and when entities must comply with the reguatiod a log-term
assessment over a-§8ar period. The industiwide impacts analyzed include INPV, which
values the industry on the basis of expected future cash flows; cash flows by year; changes in
revenue and income; and other measures of impact, as appré@eatad, DOE analyzes and
reports the impacts on different types of manufacturers, including impacts on small
manufacturers. Third, DOE considers the impact of standards on domestic manufacturer
employment and manufacturing capacity, as well as the paltémtistandards to result in plant
closures and loss of capital investment. Finally, DOE takes into account cumulative impacts of

various DOE regulations and other regulatory requirements on manufacturers.

For a detailed description of the methodologgdito assess the economic impact on
manufacturers, see sectitbhJ of thisrulemaking For results, see sectidhB.2 of this
rulemaking Additionally, chapter 12 of the NOPR TSD contains a detailed description of the

methodology and discussion of the result
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For individualcustomes,'® measures of economic impact include the changes in LCC
and the PBP associated with new or amended standards. ThevhiC& s specified separately
in EPCA as one of the seven factors to be considered in determining thenecustification
for a new or amended standard, 42 U.S.C. 6295(0)(2)(B)(i)(ll), is discussed in the following
section Forcustomes in the aggregate, DOE also calculatestitenalnet present value of the
economic impacts applicable a particular rlemaking. For a description of the methodology
used for assessing the economic impaatustomes, see section¥.G andIV.H; for results,
see sectionV.B.1 andV.B.2 of thisrulemaking Additionally, dapters3 and10 and the
associated appendicebthe NOPRTSD containa detailed description of the methmogy and
discussion of theesults.Fora description of the methodology used to assess the economic
impact on manufacturersee sectiotV.J; for results see sectioW.B.2 of thisrulemaking
Additionally, chapterl2 of theNOPRTSD contains a detailed description of the methodology

and discussion of the results

b. Life-Cycle Costs

The LCC is the sum of the purchase price of equipment (including its installation) and the
operatingcosts(including energywater,maintenanceand repaiexpendituresdiscounted over
the lifetime of the equipment. The LCC savings for the considered efficiency levels are
calculated relative to a basasethat reflectsprojected marketrends in the absence of new
amendedtandardsThe LCC analysis riires a variety of inputs, such as product prices,

product energy and water consumption, energy and water prices, maintenance and repair costs,

18 Customers, or consumers, in the case of commercial and industrial equipreensidered to be the busiress
that purchase or lease the equiptrammay be responsible for the cost of operating the equipment.
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product lifetime, and consumer discount rates. For its analysis, DOE assumes that consumers

will purchase the @nsiderecequipmentin the first year of compliance with amended standards.

To account for uncertainty and variability in specific inputs, such as equipment lifetime
and discount rate, DOE usediatributionof values with probabilities attached to eacalue.
DOE identifies the percentage of customers estimated to receive LCC savieggerience an
LCC increase, in addition to the average LCC savings associated with a particular standard level.
DOE also evaluates the LCC impacts of potential stasdarddentifiable subgroups of
customers that may be affected disproportionately by a national staRdatbe results of
DOEG6s anal ys ¢GC, seeeskctiolw &.4 of thieruleamiakengand chapte8 of the
NOPRTSD; for LCC impacts on identifiable subgroyggesectionV.B.1 of this noticeand

chapter 1 of theNOPRTSD.

c. Energy Savings

Althoughsignificant conservation of energy iseparatetatutory requirement for
imposing an energy conservation standard; &fequires DOE, in determining the economic
justification of a standard, to consider the total projected energy savings that are expected to
result directly from the standard. (42 U.S.C. 6295(0)(2)(B)(i)ény 63B(d)(4)) As discussed

in sectionV1.B.3, DOE usegheNIA spreadshedb projectenergysaving.

d. Lessening of Utility or Performance of Equipment
In establishing classes of equipment, and in evaluating design options and the impact of

potential standard levels, DGiraluatestandards that would not lessen the utility or
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performance of the equipment under considera{@hU.S.C. 6295(0)(2)(B)(i)){) and

6313(d)(4)) hestandardpropoe d i n rulemdkmgwidl sotreduce the utility or

performance of the equipment considered in the rulemakmd@P OE6s anal yses rel a
potential impact ohAmendedtandards on equipment utility and peni@ance, see sectiohB.4

of thisrulemakingand chapter 4 of the NOPR TSD.

e.Impact of Any Lessening of Competition

EPCA directs DOE to considerglimpact of any lessening of competition, as determined
in writing by the Attorney General, that is likely to result from the imposition of a standard. (42
U.S.C. 6295(0)(2)(B)(i)(\V) It directs the Attorney General toake such determinatipifi any,
of any lessening of competition likely to result from a proposed stapdaddto transmit such
determination to the Secretawyithin 60 days of the publication of a proposed rule, together
with an analysis of the nature and extent of the impact. (42 U.S.C. 6295(0)(2)(B)(ii)) DOE will
transmit a copy of todayds proposed rule to t
Departnent of Justice (DOJ) provide its determination on this issue. DOE will address the

Attorney General s determination in the final

f. Need of the Nation to Conserve Energy

The energy savings from the proposed standards are likely to provide improvements
the security and reliability of the nationods
electricity also may result in reduced costs
electricity system. DOE conducts a utility impact analysis to estihtatestandards may affect

the nationbdés needed (4R 0.9E@. 6295(0¢(2)(B)()e/Eand 63L6(a)(D)pac i t y
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The proposed standards also are likely to result in environmental benefits in the form of
reduced emissions of air pollutants andegi®muse gas€&SHGS associated with energy
producti on. DOE reports the emissions i mpacts
considered, in section¥.K, IV.L andV.B.6 of thisrulemaking DOE also reports estimates of

the economic value of emissions reductions resulting from the considered TSLs.

g. Other Factors
EPCA allows the Secretaof Energy in determining whether@ew or amended
standard is economically justified, ¢onsider any other factors that the Secretary deems to be
relevant. (42 U.S.C. 6295(0)(2)(B)())(VI&nd 6316(e)(D)In developinghis proposed rule
DOE has also considered the comments submitte

analyseselated to other factors, see sectiB.7 of thisrulemaking

2. Rebuttable Presumption
As set forth in 42 U.S.C. 6295(0)(2)(B)(iand 633B(d)(4), EPCA provides for a
rebuttable presumption that an energy conservation standarchsacally justified if the
additional cost to theustomeliof equipment that meets thew or amendestandard level is less
than three times the value of the fiystal6 snergysavingsresulting from the standard, as
calculated under the applicable DGEd4t pr ocedur e. DOhksgsnera®C and P
valuesusedto calculate thesffects that proposed energy conservation standards would have on
thePBPfor customes. These analyses include, but are not limited to3tiiearPBP

contemplated under threbuttablgoresumption testn addition DOE routinely conductsna
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economic analysis that considers the full range of impacts tugtemer manufacturerthe
Nation, and environment, as required under 42 U.S.C. 6295(0)(2)éBYi®3B(d)(4). The
results of tlese analy®s serve as the basis for D@Bvaluaion of the economic justification for
a potential standard lev@hereby supporting or rebutting the results of any preliminary
determination of economic justification). The rebuttable presiompayback calculation is

discussed in sectidiv.G.12 of thisrulemakingand chapter 8 of tldOPRTSD.

IV. Methodology and Discussion o€omments

A. General Rulemakintssues

During theFebruary 201preliminary analysis public meeting and in subsequent written
comments, stakeholders provided input regardeneraissuegertinent to the rulemaking,
such as issues of scope of coverage and DOEOGS

discussed in this section.

1. Statutory Authority

In thepreliminaryanalysis, DOE stated ifgositionthat EPCA prevents the setting
both energyerformancestandards and prescriptive design requirem(@atchapter 2 of the
preliminaryanalysis TSD) DOE also stated its intent to amend the energy performance
standards foautomatic commercial ice makesahd notto set prescriptig design requirements

at this time(see chapter 2 of thagreliminary analysis TSP
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2. Test Procedures

As discussed in sectidh.A , DOE published &est procedure final rul@ January 2012
(2012 test procedure final rule). 77 FR 1591 (Jan. 11, 28d3utomatic commercial ice
makers covered bR OE energy conservation standards promulgated as a result of this energy
conservation standasdulemakirg will be required to use the 2012 test procedures to
demonstrate compliance beginning on the compliance date set at the conclusion of this
rulemaking 77 FR at 1593 (Jan. 11, 2Q1Zhe standards can be foundidé 10 CFR part 431,

subpart Hor, altenatively, 10 CFR 431.134)

Since the publication of the 2012 test procedure final rule, DOE has received several
inquiries from interested parties regarding proper conduct of the DOE test procedure.
Specifically, interested parties inquired regardirgydppropriate use of baffles and automatic
purge water controls during the DOE test procedure. On January 28, 2013, DOE published draft
guidance documents to address the issues regarding Bagfidsautomatic purge water
control€® and providedanopporturity for interested paig¢sto comment on those interpretations
of the DOE test procedure for automatic commercial ice makers. The comment period for those
guidance documents extezatlintil February 28, 2013. DOE will publish a final guidance
document andasponses to all comments received on the DOE Appliance and Commercial

Equipment Standards websiteww1.eere.energy.gov/guidance/default.aspx?pid=2&spid=1

However, DOE notedhat these guidance documents serve only to clarify existing test procedure
requirements, as established in the 2012 test procedure final rule, and do not alter the DOE test

procedure.

19 hitp://wwwl.eere.energy.gov/buildings/appliance standards/pdfs/acim shédfie 2013-24final.pdf
20 hitp://wwwl.eere.energy.gov/buildings/appliance standards/pdfs/acim purge fac@-26fl3al.pdf

45


http://www1.eere.energy.gov/guidance/default.aspx?pid=2&spid=1
http://www1.eere.energy.gov/buildings/appliance_standards/pdfs/acim_baffles_faq_2013-9-24final.pdf
http://www1.eere.energy.gov/buildings/appliance_standards/pdfs/acim_purge_faq_2013-9-25final.pdf

DOEG6s test procedures are set riagpartsokthear at e
automatic commercial ice makenergy conservation standardlemaking DOE did receive
two commentselated to the test proceduréfowe noted that measuring potable water use is
important because ekealing is crucial for maintainingpé efficiency and utility of automatic
commercial ice makers. Howe also recommended that DOE obtain information from additional
manufacturers on the relationship between potable water ussitomdatic commercial ice

makerperformance. (Howe, No. 51 atp?

The Peopl e 6ChinaRChipalnbtédithat theré are differences among test
processes for refrigeration prodsigsued by different bodies in the U.S. China stated that
different test procedures may lead to different results for one product, and it will affect the
judgment of compliance. Therefore, China suggested that the U.S. government unify the test

procedure(Ching No. 55 at p. 3)

As noted earlierhe2012test procedure final rule was published on January 11, 2012,
and the energy conservation standavdl be based on this test proceduré.FR at 1593With
regard to Howedés comment, in the final rul e,
water. Since DOE is not setting potable water limits for automatic commercial ice makers,

requiring manufacturers to measure potable water use wouldueaoessary expend¥ith

ZAnotationinth form provides a reference f ofiEneigpnCoosermadoni on t ha
Program for Certain Commercial and Industrial EquipmEnergy Conservation Standards for Automatic

Commercial Ice Makets(Docket No.EERE2010BT-STD-0037), which is maintained atww.regulations.gov

This notation indicates that the statement preceding the reference is document5iimtiee docket for the

automatic commercial ice makers energy conservation standards rulepskingppears at pagef that

document.
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regard t o ChDOBE laaé o authoritymegarding adjustment of the test procedures of
other organizationgAlso, if there is any uncertainty regarding how to conduct the test,
manufacturers and others may request clatibie from DOE By updating the test procedure to
reflect current AHRI and ANSI/ASHRAE standards, DOE expects any differences of the type

noted by China will be minimized.

3. Need for and Scope &ulemaking

At the February 201preliminary analysis publimeetingand in written comment®OE
received comments about the need for the rulemakioghizaki suggested DOE not adjust the
energy standards for automatic commercial ice makers regulated under EPACT 2005, arguing
that tightening the regulations thaéme just release2lyears ago would negatively impact both
manufacturers and end users. (Hoshizaki, No. 53 at p. 3) AHRI opined that, because the full
effects of the EPACT 200&andardsvill not be known until at least 2013, DOE should only
consider the geviouslyuncovered continuous and highpacitybatch type icenakers in this

rulemaking. (AHRI, No. 49 at p. 3)

Scotsman asked whether the upcoming rulemaking would cover products that both make

and dispense ice. (Scotsman, Public Meeting Transcript4Rlat p. 26Y

In response to the comments about the need for starting this rulemaking, DOE notes that

under EPACT 2005, DOE must review the existing standards and, if justified, develop amended

ZA not at i onScotsman; Ruklic NMeetingrafiscript, No. 4282160 i denti fies a commen:
received during a public meeg) and has included in the docket of this rulemaking at www.regulations.gov. This

particular notation refers to a comment: (1) submitted by Scotsman; (2) transcribed from the public meeting in

document number 42 of the docket, and (3) appearing on pagfet2& document.
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standards by Januaty 2015. Thus, DOEommencedhe rulemakingo ensure compliance with

the statutory deadlin®uring the rulemaking, DOE considered alternatives to this rulemaking in
the regulatory impact analysis; this analysis is described in Sé¢tOro f t odayAss NOPR.
for covering products that make and dispense icesdbpe of the rulemaking is ieeaking
productsWhile the 42 U.S.C. 6311(19) definition of automatic commercial ice maker stated a

ice maker may or may not include a means for dispensing or storing ice, not all ice makers do
include such ancillary equipmenrits discussed in the preliminary analysis TSD, section 2.2.4.2,
DOE determined that promulgating standards to regulate thgyenssge of dispensers and

storage bins may have an unintended impact on customer choices when choosing between
models that include or do not include such ancillary equipnBgntegulating energy usage of
ancillary equipmentDOE could disincentivize thmanufacturing of such equipmeifi.and to

the extent that, ice dispensing equipment use electricity, such electricity usage is not covered by

this rulemaking.

B. Market and Technology Assessment

When beginning an energy conservation standards rulemakig,develops
information that provides an overall picture of the market for the equipment concerned, including
the purpose of the equipment, the industry structure, and market characteristics. This activity
includes both quantitative and qualitative assesdsbased primarily on publicly available
information €.9, manufacturer specification sheets, industry publications) and data submitted by
manufacturers, trade associations, and other stakeholders. The subjects addressed in the market
and technology asssment for this rulemaking include: (1) quantities and types of equipment

sold and offered for sale; (2) retail market trends; (3) equipment covered by the rulemaking; (4)
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equipment classes; (5) manufacturers; (6) regulatory requirements aneguatatoy programs

(such as rebate programs and tax credits); and (7) technologies that could improve the energy
efficiency of the equipment under examination. DOE researched manufacturers of automatic
commercial ice makers and made a particular effort to idesnidycharacterize small business
manufacturers. See chapter 3 of the NOPR TSD for further discussion of the market and

technology assessment.

1. Equipment Classes

In evaluating and establishing energy conservation standards, DOE generally divides
covered egypment into classes by the type of energy used, or by capacity or another
performanceelated feature that justifies a different standard for equipment having such a
feature. (42 U.S.C. 6295(q) and 6313(d)(4)) In deciding whether a feature justifiesrendiff
standard, DOE must consider factors such as the utility of the feature tddisBGE normally
establishes different energy conservation standards for different equipment classes based on

these criteria.

Automatic commercial ice makers are divddato equipment classes based on physical
characteristics that affect commercial application, equipment utility, and equipment efficiency.
These equipment classes are based on the following criteria:

Ice-making process
ABat cho i ce mak eaydicaltbdsia, tlternating beaween peviods odice production

and ice harvesting

o AContinuouso icemakers that can produce and
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Equipment configuration

Ice-making head (a singlpackagece-makingassembly that does not include an ice storage bin)
Remote condensing

With remote compressor (compressor packaged with the condenser)

Without remote compressor (compressor packaged with the evaporator)

Self-contained (with storage bin included)

Condenseraoling

Air-cooled

Watercooled

Capacity range

TablelV.1 shows the 25 automatic commercial ice maker equipment classes that DOE is
including in the scope of this rulemakinthe capacity ranges for the continuous unitgeha

changed from the preliminary analysis.

Table IV .1 Automatic Commercial Ice Maker Equipment Classes
Type of
Cooling —_—
050 and
Water 0500 and
Ice-Making Head 01, 436 an
Air 050 and
0450 and
Remote Condensing 050 and <
(but not remote Air 61,000 an
Batch compressor)
Remote Condensing 050 and
and Remote Air .
Compressor 0934 and
Water OOZ 5O OO aa nn dd
SeltContained Unit =
Air 050 and
0175 and
Continuous Ice-Making Head Water 050 and
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0900 and
Air 050 and
0700 and
Remote Condensing d50 and
(but not remote Air i
compressor) 0850 and
Remote Condensing d50 and
and Remote Air .
Compressor 0850 and
050 and
Water .
Selt-Contained Unit 0900 and
Air 050 and
0700 and

Batchtype and continuoutype ice makers are distinguished by the mechanics of their

respective icanaking processes. Continudypeice makers are so named because they

simultaneously produce and harvest ice in one continuous, stdyprocess. The ice

produced in continuoysr ocesses i

S

cal |

ed

with high liquid water content, in the range from 10 to 35 percent, but can also be suliaapled,

be entirely frozen and at temperature lower thaPFR3Z ontinuoudypeice makes were not

included in the EPACT 2005 standards anethereforenot currently regulated by DOE energy

conservation standards.

Current energy conservation standards coegch type icena k e r s

t hat

produc

ice, which is defined as ice that is fgiuniform, hard, solid, usually clear, and generally weighs

less than two ounces (60 grams) per piece, as distinguished from flake, crushed, or fragmented

ice. 10 CFR 431.13Batch ice makers alternate between freezing and harvesting periods and

thereforeproduce ice in discrete batches rather than in a continuous process. After the freeze

period, hot gas igypically redirected from the compressor discharge to the evaporator, melting

the surface of the ice cubes that is in contact with the evaporatacesuehabling them to be

removedrrom the evaporator. The evaporator is then purged with potable water, which removes
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impurities that would decrease ice clarity. Consequeb#ich type icenakers typically have

higher potable water usage th@ntinuougype icemakers.

After the publication of the Framework document, several parties commented that
machines producing Atubeo ice, which is creat
produces cube ice, should also be regulated. DOE notes that tube ice machineswdrdee
capacity range that produce ice fitting the definition for cube type ice are covered by the current
standards, whether or not they are referred to as cube type ice makers within the industry.

Nonet hel ess, DOE has add msbyenphhsizingtbatl batchmme nt er s
type icemachinesare withn the scope of this rulemaking, as long as they fall within the covered
capacity range of 50 to 4,000itke/24 hoursThis includes tube ice makers and othatch type

ice machines (if any) thairoduce ice that does not fit the definition of cube typeTioehelp

clarify this issue, DOE now refers to all batmitomatic commercial ice makeass fAbat ch typ
ice makers, o0 regardless of t h#&FRIIbaEPam. 1bf t he i

2012).

During theFebruary 201preliminary analysis public meeting and in subsequent written
comments, a number of stakeholders addressed issues related to proposed equipment classes and
the inclusion of certain types of equipment in the amalyhese topics are discussed in this

section.
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a.Cabinet Size
Currently, DOE does not consider physical size as a criterion for setting equipment

classes.

Several stakeholders commented on the size standardization of ice makers. Scotsman
commented that ost ice makers are built in standard widths of 22, 30, and 48 inches and
standard depths between 24 and 28 inches, although heights may vary slightly depending on the
machine. (Scotsman, Public Meeting Transcript, No. 42 at p. 61) Manitowoc noted that the
reason for this standardization is that most ice storage bins have standard sizes based on ice
making capacity, and the footprint of the ice maker on top needs to be the same as the footprint
of the storage bin in order for them to fit together. Heacerding to Manitowocthe industry
has developed common sizes that have facilitated ice maker installations and replacements.
(Manitowoc, Public Meeting Transcript, No. 42 at ppi @2) Howe countered that, contrary to
the assertions of other stakeholdérd) e r e ar e n makér dimemsiodsa(Haive, Na. ¢ e

51 at pp. 12)

Earthjustice commented that it may be helpful to use cabinet size as an additional
criterion for defining equipment classes because the existing standard sizes of ice makers affect
their efficiency and their utility to the consumer, both of which are factors that DOE typically
considers in identifying equipment classes. (Earthjustice, Public Meeting Trandorigg, at

pp. 90 91)
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However, Manitowoc commented that it manufacturesmakers in different cabinet
sizes that deliver the same-ceking capacity, explaining that this facilitates flexible
installation decisions but could complicate efforts to define equipment classes by cabinet size.

(Manitowoc, Public Meeting Transcriptlo. 42 at p. 91)

The Appliance Standards Awareness Project (ASAP) commented that it would be helpful
to see a size analysis that would elucidate the effects of size on utility to the customer and

potential energy savings. (ASAPublic Meeting TranscripiNo. 42 at pp. 7374)

As noted by Manitowoc and Scotsman, there
review of product | iterature supports these ¢

no standard sizes. However, not all customersdaseconstraints.

DOE notes tha@ireason to consider separatpipmentlasses based qysical
dimensionss to address differences in eneggficiency.An important sizeelated factor that
canaffectthe efficiency of an ice maker is the sizetefheat exchangersd., the evaporator and
condenser}? A larger evaporator can make more ice per freeze cycle. Hence, for a given harvest
capacity rate, the cycle can be allowed to take longer, thus reducing the required heat transfer
rate per evaporatsurface. The reduced heat transfer rate can be provided by a lower
temperature differential between the ice and the refrigerant. Likewise, as the surface area of a
condenser increases, the temperature differential between the refrigerant and therwmiling

(either air or water) decreases. These design changes can lead to higher evaporating temperature

% Other examples are use of some higgigiciency compressors, which can be physically larger, and packaging of
drain water heat exchangers within the equipment package.
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and lower condensing temperature, which both reduce the pressure differential between the
compressor suction and discharge ports, which reduces theofi@lectrical power necessary

to compress the vapor, thus reducing energy consumption of the ice maker.

To address size |imitations and to save en
recommendation to use size as a criterion in setting equipmssaéslaro do so, DOE could
establish parallel sets of equipment cladsgize constrained classes (in which physical size
would be limited to a prescribed maximum) and-s@econstrained classes (for which there
would be no size restrictions). Intheszee nst r ai ned cl asses, DOEG6s al
usage limits would be limited by the constraint that the physical size of the unit cannot be
increased. In the nesizeconstrained classes, additional energy savings could be achieved by
setting sandards that increase the physical size of the unit as well as making the units more
efficient. Accounting for size constraints is important in the automatic commercial ice maker
industry because replacement sales comprise a majority of sales and equipstdrg able to
fit into the same space as the unit it replaces, and fit on existing ice storage bins, as described
above. For opportunities in which physical size is not critical;Sib&constrained equipment
classes could save energy relative to the-constrained units. If DOE decided not to establish
separate equipment classes for spamestrained equipment, it may not be reasonable for DOE
to consider design options that significantly increase physical size of the equipment, which
would limit poeential efficiency gains and/or make them more costly, thus likely resulting in less

stringent standards for stienited equipment classes.
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Previous DOE rulemakings provide ample precedent for creating-spast&rained
equipment classes. For instanc&bdeveloped spagmnstrainecgquipmentlassegor
packaged terminalir conditioners and throughe-wall air conditioners, both of which represent

industries in which replacement comprises a majority of sales. 10 CFR 430.32

To determine whether spacenstraint is an issue€., whether efficiency and physical
size are direct functions of one another),
analysis of the size and efficiency of automatic commercial ice makers. Using publicly available
manufaturer information, DOE collected sfZalata for approximately 600 ice makers and
mapped it to efficiency information listed in the AHRI database. After plotting and analyzing
this data, DOE determined that, although there is a correlation between seféccy in

automatic commercial ice makers, this correlation is not conclusive.

TablelV.2 displays sample results of this size analysis, presenting information for two
different large, akcooled IMHbatch type icenakers at each of several selected harvest
capacities. In many cas, the larger equipment is more efficient. For example, amoricgthe
makers that can produde500 Ibice/24 hoursthe 28 ff products have total energy consumption
valuesthatare lower than the current energy consumption standagdelayer tha»20 perceng
while the 19t products have total energy consumption values that are qegcéntbelow the
standard. In other cases, the data do not support this E@nexample, among the 800 Ib ice/24

hour ice makers, the 17 fproducts are less effnt than the 11 ¥products. Finally, in cases

DO

such as the 1,430 Ib ice/24 hour machines, there are also products with the same harvest capacity

% Size is expressed in terms of volume, calculated by multiplyiiigwidth by unit depth and by unit height (width
x depth x height).
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and volume that nonetheless have different efficien@iesrefore, it is difficult to draw a

decisive conclusn from this data.

Table IV .2 Relationship between Volume and Efficiency for Large IMH Air-Cooled Batch
Ice Makers

Rated Harvest Volume % Below Baseline
Rate ft> Energy Use
b ice/24 hours L 9y

9.1 3.2%
500 12.4 2.2%
10.8 13.5%
800 16.8 3.5%
18.0 13.5%
1,150 20.8 18.1%
20.1 3.0%
1,430 20.1 4.6%
19.3 6.0%
1,530 27.7 21.3%

Manitowoc noted during théebruary 201preliminary analysis public meeting that it
produces units with the same harvest na@ifferent size chassis sizes, and that these units have
very similar featurefManitowoc,Public Meeting TranscripiNo. 42 at p. 91DPOE, in its
analysis, has noted that some manufacturers have achieved higher efficiencieséieicein
smaller &es (at constant harvest ratd3dsed on this information, DOE believes that size does
affectefficiency levels (as it allows for large heat exchangers), but it is not the definitive factor

in determining efficiency for icenakers.

Therefore, DOE hagdetermined thaseparate equipment classes for-®iaastrained units
are not warrantedOE notes that there is not a strong correlation between product size and
product efficiency that supports separate equipment cldasesermoreDOE believes that
addng additional classes for sko®nstrained unitsomplicaesthe equipment class structure and

analysis but daenot improve the rulemaking or standards
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b. LargeCapacity Batch Ice Makers

In the November 2010 Framework document for this rulemaking, 2Q&ested
comments onvhether coverage should be expanded from the current covered capacity range of
50 to 2,500 lhce/24 hourgo include ice makers producing up to 10,00&8524 hours Al
commentes agreed with expanding the harvest capacity coegragd all but one of the
commentes supported or accepted an upper harvest capacity cap of 4,@@®bhours which
would be consistent with the current test procedure, AHRI Standard(BI0 Most commentsr
categorized ice makers with harvest capesiabove 4,000 lice/24 hoursas industrial rather
than commercial. To be consistent with the majority of these commentsppéseduring
the preliminary analysis to set the upper harvest capacity limit to 4,06828 hours even
thoughthere ardew ice makers currently produced with capacities ranging from 2,500 to 4,000
Ib ice/24 hours77 FR 3405 (Jan. 24, 2018ince the publication of the preliminary analysis,
DOE revised the test procedusgith the final rule publisheth January2012,to include all
batch and continuous type ice makers with capacities between 50 andb4@@9R4 hours77
FR 15911613 14 (Jan. 11, 2012)n the2012test procedure final rule, DOE noted that 4,000
ice/24 hourgepresented a reasonable lifoit commercial ice makers, as larggzedice makers
were generally used for industrial applications sasiing machines up to 4,000vikas
consistent with AHRI 812007.77 FR 1591(Jan. 11, 2012)Therefore, because DOE now has a
procedure for testingge makers with capacities up to 4,dB0ce/24 hoursDOE proposes in

this NOPR tcset efficiency standards thatlude all ice makers in this extended capacity range.
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In written comments after the publication of the preliminary analysis, AHRI and
Manitowoc both recommended that DOE refrain from regulating products with capacities above
2,5001Ib ice/24 hoursf there are not enough higlapacity batch machines available for DOE to

analyze. (AHRI, No. 49 at ppi 8; Manitowoc, No. 54 at p. 3)

DOE acknouvedges that there are currently few automatic commercial ice makers with
harvest capacities above 2,960ce/24 hoursHowever, DOE already has a precedent of setting
standards for harvest capacity ranges in which there are no products availabler& here a
currently no IMH aircooled ice makers on the market with harvest capacities abovelli,650
ice/24 hoursyetEPACT 2005 amended EPCAdet standards for this equipment class of ice
makers with harvest capacities up to 2,50@e/24 hoursBecause iis possible thabatchtype
ice makers with harvest capacities from 2,500 to 4)006e/24 hoursill be manufactured in
the future, DOE does not find it unreasonable to set standards in this rulemaliatfotype
ice makers with harvest capacities in the range up to 4iD@/24 hoursTherefore, DOE
maintairsits position to include largeapacitybatch type icenakers in the scope of this
rulemaking. However, DOE requests comment and data on the viability gfrdposed
standard levels selected for batgpe ice makers with harvest capacities from 2,500 to 4,000 Ib

ice/24 hours. The proposed standard levels are discussed in Seétdo f t odaydés NOPR

c. Efficiency/Harvest Capacity Relationship
In the current energy conservation standaDDE uses discrete harvest capacity
breakpoints to differentiate cube machine clasmedDOE proposedo do the same with new

clas®s for continuous machines.
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In reviewing industry literature, DOE found tr@mpressor efficiency increases over a
range ofharvest rateapacities and thetends tdflatten outat the higher capacitie¥his trend is
illustrated inTablelV .3, which displays the capacities and energy efficiency ratios (EERS) of
one family of reciprocating compressors. As shown in this table, the EERs of compre#sars in
family level off to between 6.5 and 7B2itish thermal units per wattour (Btu/Wh)at capacities

beyond 14,300 Btperhour.

Table 1V .3 Relationship of Compressor Capacity to EER

Capacity EER
Btu/hr Btu/Wh
7,970 5.8
8,440 5.1
8,840 6.0
9,870 6.2
10,200 5.5
10,900 6.3
11,300 5.5
12,400 7.0
12,900 6.0
14,100 5.9
14,300 6.5
14,900 6.6
18,100 7.0
18,300 6.5
18,600 6.6
19,600 5.6
22,200 6.5
22,500 7.2
24,300 7.1
24,600 6.6
26,000 6.5
29,300 6.7
29,600 6.6
30,500 6.7
31,300 6.9
34,400 6.7
36,700 6.7
42,200 6.8

Due primarily to the compressor trends discussed above, ice maker energy usage also

varies as products increase in cooling capaltgymaker energy use (kilowatt-hours perl00
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Ib of ice) decreases as the harvest rate increases in all products, but because the compressor
trends do not continue indefinitely, the ice maker energy usage becomes constant at larger

harvest rateslhe pointat which usage becomesnstant foice makes varies by equipment

type.

DOE has traditionally used a piecewise linear approdotdepict the standard levels,
with the breakpoints defining the harvest capacity rate limits of different equipment classes.
Thus, for the current energy conservation standardsafichtype equipment, the maximum
allowable energy use declines as hareapacity increases for the smallest harvest capacity rate
equipment classes. In contrast, for most of the larger harvest capacity rate equipment classes, the
maximum allowable energy use is a const@he one exception is tharge IMH aircooled
equipnent classywherethe maximum allowable energy use continues to decrease as harvest
capacity rate increases. DOE believes that its piecewise energy consumption limits facilitate the
simple calculation of energy standards while accurately depicting the eongtdtionship

between capacity and efficiency.

Several stakeholders commented on DOEG6s de
according to harvest capacity. At thebruary 201reliminary analysis public meeting, the
Northwest Power and Consenaat Council (NPCC) questioned whether setting standards by
capacity range would create discontinuous breakpoints in efficiency requirements that would

drive manufacturers to seek one level of capacity over another to take advantage of a more

% A piecewise function is a mathematical relationship where the relationship between the independent variable and
dependent variable varies over the inspected range. Different funat®osed to describe this relationship for each
discrete interval where this relationship is defined. The piecewise function is a way of expressing the full
relationship (http://mathworld.wolfram.com/PiecewiseFunction.html).
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favorable stadard. (NPCC, Public Meeting Transcript, No. 42 at p. 22) In written comments, the
Northwest Energy Efficiency Alliance (NEEA), NPCC, and the CalifornigestorOwned

Utilities (CA 10Us) recommended that DOE imitate ENERGY stamid use a single equation

for each equipment class to define energy consumption standards as a function of harvest rate,
rather than having multiple efficiency standards for different harvest capacity bins.
(NEEA/NPCC, No. 50 at p.;ZA IOUs, No. 56 at p. 2ZLA IOUs added that, IDOE elects to
continue distinguishing equipment classes based on harvest capacity breakpoints, it should

explain its reasoning for doing s&€A I0Us, No. 56 at p. 3)

The newly finalized ENERGY STAR specification eliminates discontinuities by using
one eqation for IMH and seltontained cube equipment as well as all three continuous
equipment types, while achieving something similar to the asymptotic relationship mentioned by
Manitowoc. The ENERGY STAR specification accomplishes this with equationsr¢hattcae
complex than those currently embodied in DOES®
simple Aintercept and sl oped or fAfixed and va

energy consumption limit for small IMH agooled equipment is as follvs:

Maxi mum Energy Us-808H(kKkWh) O 10. 26

(Where H= harvest rate capacity, up to 4e/24 hourp

The April 30, 2012 ENERGY STAR specification for the same equipment is:

Maxi mum Energy Us&8%e (kWh) O 37.72H
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By means of a more complieat formula, the ENERGY STAR specification creates a
continuous curve while still respecting the asymptotic relationship between efficiency and

harvest capacity.

Manitowoc commented that it was not particularly important where the DOE places
capacity bregioints for different equipment classes as long as the breakpoints respect the
asymptotic relationships between size and efficiency. Manitowoc also asked that there not be any
real discontinuities at these breakpoints or discrepancies from the industry mean
efficiency/capacity relationships. (Manitowoc, Public Meeting Transcript, No. 42 at pp625
CA 10Us similarly requested that DOE base its harvest capacity breakpoints on an investigation
of the market, rather than automatically usinggxesting breakpoints, and added that any new
equipment classes generated by resetting these breakpoints malkiwmbiacksliding. CA

IOUs, No. 56 at p. 3)

The issue raised by NPCC and echoed by Manitowoc is that the equations used in the
standards can cause points of discontinuity where rating equipment at slightly different capacity
levels provides a benefit the manufacturer in terms of allowable energy usage. In the current
standards for IMH watetooled units, one discontinuity exists at #0@ce/24 hoursthe
breakpoint between the small and medium harvest capacity rate equipment classes, where there
isa 0.1 kWh/100 Ib energy use gap, represerftifgercent of th&.04kwh/100 Ib maximum

allowable energy use at this harvest capacity rate. However, eliminating this type of gap in the
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energy conservation standards would not require departure from wigeteear

representation of maximum allowable energy use.

Fitting a curve as was done to create the ENERGY STAR limits would be more
complicated than creating a new standard that mirrors the existing usage limit structure. It would
also be more difficulfor customers, such as restaurant owners, who buy ice makers and need to
make sense of the standabdsauséhe ENERGY STAR equation requires a calculator or a

spreadsheetind, DOE believes, leatb more questions and complexity

The single equatioapproach also runs somewhat contrary to the comments received
from manufacturers. With the single equatpovided by ENERGY STARenergy usage limits
for large machines continue to declioezero &albeit at diminishing rat¢sThe manufacturer
commentgited in the discussion of large machines above provided several reasonsvdrgt, at
high capacities, design constraints cause these products to have constanisagr @cross
different harvest capacitie$his means that, at a certain point, efficig tends to become more
constanis harvest capacity changes, as is embodied in the current standards. The single
equation approach would make it more difficult for the DOE standards to reflect this trend in the

market.

DOE has decided to contins&ucuring the equipment classéy utilizing multiple
harvest rataizes rather than moving to a single equation approach. By continuing to use
multiple size classes, DOE will have greater flexibility to adequately address the efficiencies of

large equipmentlasses. The risk of exploiting the system at size class break points can be
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mitigated by carefully developing standards. Moreover, DOE proposes amending the baseline
energy standards to eliminate existing discontinuities at harvest capacity brealpaimthat

under the DOE test procedure and specifically the updated ANSI/ASHRAE Stane20829

that was incorporated by reference in that rule, harvest rates are to be determined at the time of
test, and are not based on manufacturer specifications. RA8E134)Furthermore, in

EPACT 2005, Congress directed DOHmMonitor whether manufacturers reduce harvest rates
below tested values for the purpose of bringing-complying equipment into compliance. (42
U.S.C. 6316(f)(4)(A)) DOE therefore intends trefully assess whether such manipulation

occurs as a result of any final rule using distinct bpeakts

AHRI Standard 81007, as referenced by the DOE test procedure, states that the energy
consumption rate of ice makers should be rounded to thiestéal kWhBYy considering the
standard | evels using this rounding convent.
standards fobatch type icenakers occurs at the breakpoint of 500 1b/24 hr between the IMH
W-SmallB and IMHW-Medium-B equipmentlas®s.In its analysis, DOE adjusted the
baseline energy level for the IMW-SmallB equipment clas® 7.791 0.0055H from 7.80
0.0055H.This 0.01 change eliminates the discontinuity at this breakpsraeen ifablelV .4.

In setting upTSLs DOE sought to ensure that no discontinuities existed betegepment

clas®s.

Table IV .4 Current Standard and DOE Engineering Baseline for IMH-W-Small-B
Equipment Type

Equioment Tvpe Current Baseline New Baseline
quip yp (7.80i 0.0053) (7.79i 0.005%)
51 5.0
IMH-W-SmaltB (rounded from 5.050) (rounded from 5.040)
. 5.0 5.0
IMH -W-Medium-8 (rounded from 5.030) (rounded from 5.030)
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d. Continuous Ice Maker Equipment Classes

The EPACT 200amendments to EPCd#d not set standards foontinuougype ice
makers. At thé=ebruary 201preliminary analysis public meeting, DOE presented NES results
(seesectionlV.H.3 of this notice) thaindicatedthe continuougquipment typeccounted for
approximately 0.03 quads of savings potential over thge2® analysis ped. The savings
levelsare lowprimarily becauseontinuous type icenaking machines represent only 16 percent
of automatic commercial ice maker shipments, of which only two equipment classes ({MH air
cooled small and setfontained aicooled small eqpiment) represent threpiarters of

shipments.

At the February 201preliminary analysis public meetiragd in written comments
AHRI and Scotsman both questioned the need to regrdatenuous type icenakers, noting that
the preliminary results of DGE national impact analysis show negligiblES (rounding to
0.000 quads) for most continuotype equipment classes. (AHRI, No. 49 at pj2;1Scotsman,

No. 46 at p. bScotsmanPublic Meeting Transcript, No. 42 at p. 105)

AHRI and Scotsman questioned the need to include contimamate condensing units
(RCUs)with remote compressors as equipment classes, noting that these are niche fhraducts
represent a very small portion of the overall market. AHRI added that themah projected
energy savings and low shipment volume would not justify the cost of testing and certifying

these products to DOE. (AHRI, No. 49 at pS8otsman, No. 46 at p. 2)
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Pursuant to EPCA, DOE is required to set new or amended energy consestaiaards
for automatic commercial ice makers to: (1) achieve the maximum improvement in energy
efficiency that is technologically feasible and economically justified; and (2) result in significant
conservation of energy. (42 U.S.C. 6295(0)(2)(A) an¢B3{0B); 6313(d)(4))The EPCA
language does not require DOE to determine the significance of savings at the individual
equipment class level in order to justify setting standards for all equipment classes of an

equipment type

DOE has decided tegulat al automaticcommercial ice maker equipment classess
will bring two importantautomatic commercial ice makelasses (selfontained, aicooled
small continuous and IMH atooled small continuous) under regulatiBegulating all
equipment classesilvcreate a consistent approach for regulating contintypesequipment as

was done fobatchtype equipment.

e.Remote Condensing UniClasses for Equipment with and without Remote
Compressors

The current standard levels differentiate between remotesnosads with compressors in
the condenser cabinet and remote condensers without remote compES&orequested
comment on whether to retain thespiipment clags as separate groups. (DOE, Public Meeting

Presentation, No. 7 at p. 30).
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Numerous stakendler s expressed their support for
two separate classes based on the location of their compressors. Manitowoc raised the issue at
the public meeting, noting that locating the compressor remotely has a measurable impact on t
overall efficiency of an ice maker. (Manitowoc, Public Meeting Transcript, No. 42 at pp5p4
Scotsman added that these two classes of RCUs perform at different efficiencies in the field and
provide different utility to the customer, thus justifyimgir separation into separate equipment
classes. (Scotsman, Public Meeting Transcript, No. 42 at p. 45 and No. 46 at p. 2) NPCC
expressed agreement with Scotsmands comment

No. 42 at p. 45)

Based orD O E éegiew of these commenéd data arising from the analysBOE
believes the location of the compressor provides different customer, atidiythat each
equipment classxperiences different energy usage trends due to suction line. D&xeslid
not receive any information indicating that theggiipment clags should not be kept separate.
Therefore, DOBwill continue to categorize RCUs with and without remote compressors into

separate equipment classes.

f. Remoteto RackEquipment

In thepreliminary analysis, DOE found that some hggipacity RCURC-LargeC ice
makers are solely designed to be used with
condensersA compressor rack is typically used with supermarket refrigeration equipment and
consists of several compressors joined in a parallel arrangement to service several refrigeration

products at oncéne related issue that the manufacturers of themgtomatic commercial ice
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makersdo not provide for sale a condensing unit that couldae@ with them as an alternative

option. DOE noted that these units do not meet the statutory definition of ice makers, which
states that an i ce maker -makiogsection bperatingfasan conde
integrated unit, with meansfortnda ng and harvesting ice. o0 (42 U.
DOE determined during the preliminary analysis that+@ady RCUs are not defined as ice

makers under the statute and thus should not be included in this rulemaking.

Howe recommended that DOE indkiremoteo rack ice makers in the rulemaking
because such units already represent a significant fraction of annual ice maker shipments and
will become even more significant once the covered capacity range expands tib 4c8021
hours (Howe, No. 51 &p. 4) Conversely, Scotsman commented that continuous RCUs with
remote compressors comprise a very tiny piece of the oeertalnatic commercial ice maker
market and thus questioned the need to establish equipment classes for these products. Scotsman
adced that these RCUs are difficult to f84tecause they are designed to be connected to

supermarket rack systems. (Scotsman, No. 46 at p. 2)

Earthjustice observed that DOE has not explained why it believes tmahkezs
designed for use with remote conder rack systems do notconsistich condensi ng uni
icegzna ki ng section operating as an integrated un
automatic commercial ice makers are defined. Earthjustice argued that sonetkézs use the
samebasic components, including both a condensing unit and znakeang section. Moreover,

Earthjustice continuedhe two components are directly connected, and their integration is not

% The current and recently comeped DOE test procedures do not provide test procedures for this type of
equipment.
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nullified by the fact that other equipment may also be connected soipleemarket rack.
Earthjustice added that DOE has long regulated split system residential and commercial air
conditioners despite the fact that the outdoor and indoor components are frequently made by

different firms. (Earthjustice, No. 47 at p. 5)

Giventhe small market share of large continuous RCU remote compressor equipment
(0.35 percent)DOE findsthaSc ot smands cl aim is croal@di bl e i
equipment comprises only a fraction of the 0.35 percent, and thus a tiny piece of tHe overa

market.

The Earthjustice comment drawing a parallel to split system residamt@nditiones
overlooks key distinctions. Residential equipment may pair components from different
manufacturers, but only one manufacturer is responsible feettiéication?” Supermarket
racks simultaneously serve multiplaits of equipment (including commercial refrigerators and
freezers, walkn coolers and freezers, ice makers, air conditioners, and heat pumps), so there is
no way to hold one manufacturespensible for certifying its energy consumption. Drawing a

parallel between these two circumstances is therefore not reasonable in that respect.

2" Under DOE regulations, it is possible for more than one central air conditioner manufacturer to submit
certification reports for a given condensing unit. 10 CFR 42®46ires manufacturers of central air conditioners to
certify compliance with the energy conservation standards to DOE. Where a coil manufacturer may offer a coil for
sale to be matched with a condensing unit made by another manufacturengtohed combiztion), the coil
manufacturer can make representations for condensing unit coil combination, but, since the condensing unit
manufacturer does not offer for sale the mixegdtched combination, only the coil manufacturer offering the
combination for sale isesponsible for certification of that combination.
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Therefore, DOE decided to maintain its position not to coveroatk RCU units in this
standards rulemakind®OE does requestommentand supporting datan the overall market

share of these unitsd any expected market trends.

g. Ilce Makers Covered hiyhe Energy Policy Act 02005

Of the 25 equipment classes that DOE is considering in this rulemaking, 182adya
covered under energy conservation standards that were set faypebee makers as part of
EPACT 2005. Current automatic commercial ice maker standards coverintypabee makers
took effect on January 1, 2010. Under the requirements of EBOE, must review and make a
determination as to whether amendments to the standards are technologically and economically

justified by January 1, 2015. (42 U.S.C. 6313(d)(3)(A))

In written comments, AHRI opined that, because the full effects of the EPAQT 2
ruling will not be known until at least 2013, DOE should only consider the previonsbvered
continuous and highapacitybatch type icenakers in this rulemaking. (AHRI, No. 49 at p. 3)
Similarly, Hoshizaki asked DOE not to adjust the energy stdsdar automatic commercial ice
makers that are currently covered, arguing that tightening the regulations that were just released

two years ago would negatively impact both manufacturers and end users. (Hoshizaki, No. 53 at

p. 3)

DOE is required by state to review the standards and, if amended standards are
technologicallyfeasibleand economically justified, to issue a rule to amend the standards. (42

U.S.C. 6313(d)(3)(A))
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Manufacturers have asserted that the automatic commercial ice maker irlastryall
component of the commercial refrigeration industry, and that given their size they have little or
no influence with the manufacturers of major components such as compressors. (Manitowoc,
Public Meeting Transcriptjo. 42 at p. 14 15) Manufactuers noted that they are generally
restricted to design options available to larger custor(demitowoc, Public Meeting
Transcript, No. 42 at pA5)

Consistent with the comments from manufacturer§) E @ngineering analysiscluded
design options thatre viablefor automatic commercial ice makenrslost of the design options
are extensively used in existing products, and a few design optiushiess DC motoysre
available but rarely implemented in this equipmedhapter 5 of the NOPR TSD comtai

further details othe analysis foeach design option used

DOE has alternatives with respect to the date that new standards would tak& Efiat
requires that the amended standards established in this rulemakirgpplydb equipment that

is manufactured on or after 3 years after the final rule is published ketlezal Registarnless

DOE determines, by rule, that ay8ar period is inadequate, in which case DOE may extend the

compliance date for that standarddyyadditional 2 years. (42 U.S.C. 6313(d)(3)(C))

For the NOPR analyses, DOE assumeédyad& period to prepare for complianB®E

requests comments on whether a January 1, 2018 effectiverdaiges an inadequate period

for complianceand what econoim impacts would be mitigated by a later effective date.
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DOE also requests comment on whether tye& period is adequate for manufacturers

to obtain more efficient components from suppliers to meet proposed revisions of standards.

h. Regulation ofPotable Water Use
Under EPACT 2005, water used fordceeferred to as potable wafiewas not regulated

for automatic commercial ice makers.

The amount of potable water used varies significantly among tgterautomatic
commercial ice makers.€., cube, tube, or cracked ice machine€pntinuougype icemakers
(i.e. flake and nugget machines) convert essentially all of the potable water to ice, using roughly
12 gallons of water to make 100 of ice. Batchtype ice makers use an additional 3 togzflons
of water in the processof making#@® f i ce. Thi s additional water
purge watero and is used to cleanse the evapo

making process.

The Alliance for Water Efficiency (Alince)the Natural Resources Defense Council
(NRDC), and CA 10Us proposed that DOE regulate the water use of automatic commercial ice
makers. (Alliance, No. 45 at pp- 8, NRDC, No. 48 at p.;2CA I0Us, No. 56 at p. 6)he
Alliance noted that the potable water lost from purging represents a waste of the energy required
to pump, treat, deliver, and dispose of this water on a national scale. This embedded energy use,
the Alliance argued, gives DOE justification to inclwdater efficiency standards along with its
energy efficiency standards for automatic commercial ice makers. The Alliance recommended

that DOE analyze technical data from real ice makers in order to accurately determine the
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minimum potable purge water ratquired to prevent scaling. The Alliance also observed that

the huge variation in potable water use among ice makers of similar capacities suggests that
some ice makers may be purging water at excessive rates in order to overcome poor maintenance
practicesand schedules, which is not a justifiable excuse in the opinion of the Alliance.

(Alliance, No. 45 at pp.-34) CA 10Us also recommended that DOE consider establishing

potable water use limits, especially because the ENERGY STAR program already inctides su

limits. (CA IOUs, No. 56 at p. 6)

In response to commesfrom the Alliance NRDC, and G\ I0Us, DOE was not given a
specificmandate by Congress to regulate potable water. EPCA, as amended, explicitly gives
DOE the authority to regulate water usehiowerheads, faucets, water closets, and urinals (42
U.S.C. 6291(6), 6295(j) and (k)), clothes washers (42 U.S.C. 6295(g)(9)(B)), dishwashers (42
U.S.C. 6295(g)(10)(B)), commercial clothes washers (42 U.S.C. 6313(e)), and batch (cube)
commercial ice maker$42 U.S.C. 6313(d))Vith respect tdbatch commercial ice makers (cube
type machines), however, Congress explicitly set standaEBACT 20050nly for condenser
wateruse, which appeat 42 U.S.C. 6313(d)(1and notedn a footnote tahetablethat pdable
water use was not includé®iCongress thereby recognized both types of watet,did not
provide direction to DOE with respect to potable water standahils ambiguity gives the DOE
considerable discretion to regulate or not regulate potable.Waiet).S. Supreme Court has
determined that, when legislative intent is ambiguous, a government agency may use its

discretion in interpreting the meaning of a statute, so long as the interpretation is re#Sdnable.

% Footnote to table at 42 U.S.C. 6313(d)(1).

®Nat 61 Cable & Tel ecomms. ,%54.9 867,986 (2B05)qquatidiévron d.8.2.r net Se

Inc. v. Natural Res. Def. Council, In@67 U.S837, 845 (1984))

74



the case of ice makers, EPACT 200ansbiguous on the subject of whether DOE must regulate
water usage for purposes other than condenser water usage-imakibg machines, so DOE
therefore has chosen to use its discretion not to mandate a standard in thiBxQiasestead
considered potdé water use reduction in battype ice makers as a design option for reducing
energy use DOE notes that the ENERGY STAR program has implemented potable water

consumptiorrequirements

Hoshizaki commented that potable water use varies from placece pipending on
water quality, and added that the market is already dictated to use less water. (Hoshizaki, Public
Meeting Transcript, No. 42 at p. 73) AHRI added that limiting potable water use would decrease
ice clarity and increase scaling, which wosltsequently increase the overall energy use of the
ice maker. Therefore, AHRI and Hoshizaki both recommended against establishing maximum
potable water use standards in this rulemaking because of the reduced utility and efficiency that

it would cause. (ARI, No. 49 at pp. 23; Hoshizaki, No. 53 at p. 1)

The Hoshizaki and AHRI comments suggest that DOE intends to implement potable
water use standards, but this is not the case. Rather, DOE is simply suggesting that reduction of
potable water use is a viglilechnology option that satisfies the screening analysis criteria, as
long as reductions are not excessive. This approach does not establish potable water use
maximumssince manufacturers are not required to use this design option in order to meet
efficiency standardsScotsman noted that the ENERGY STAR program has limited potable
water use in ice makers to 25 gallons per IbGdf ice and that the program is moving toward a

new standard of 20 gallons per 16Mf ice, which it believes to be the minimuevels for
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avoiding machine performance issues. Scotsman recommended that DOE refer to these
ENERGY STAR standards in determining new potable water use limits. (Scotsman, Public
Meeting Transcript, No. 42 at pp.-685 and No. 46 at p. 5) Manitowoc agreeth Scotsman

and added that the new 20 gallons perIbQ@etric was developed with the aid of manufacturers
and that further reducing potable water use could impact theidomgreliability of its machines.
Therefore, Manitowoc stated that 20 gallons H@0Ib is the lowest water use limit with which it

would be comfortable. (Manitowoc, Public Meeting Transcript, No. 42 at pf6&5

However, Manitowoc also commented that potable water use is a variable in the design
process that manufacturers haveadty optimized to satisfy a number of competing factors.
Manitowoc argued that, although reducing potable water use would improve machine efficiency
up to a point, it would also decrease reliability and increase the required frequency for cleaning
due to saling.Manitowoc stated thahe design limits for potable water usiten dependn
proprietary design elements; therefore, it would be difficult to set reasonable potable water use

standards that were fair to all companiesi n Ma ni t o(Manitowoe, No. pd ahp. 3) n

Howe noted that measuring potable water use is important becasesalidg is crucial
for maintaining the efficiency and utility of automatic commercial ice makers. Howe also
recommended that DOE obtain information from additionahufacturers on the relationship

between potable water use and ice maker performance. (Howe, No. 51 at p. 2)

DOE has implemented in the analysis the recommendations of several stakeholders that

20 gallons per 10 of ice is a reasonable lower limit potable water use fdratch type ice
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makers, especially considering that there are numdaich type icenachines that have potable
water use at this level or lower. For example, in implementing batch water control as a design
option, DOE is limiting theeduction in potable water use to 20 gallons perlttODhis should

not be confused with the establishment of a stanidérs limit affects the extent to which a

specific design option saves energy by placing a floor uhegootable water usagehough

NRDC claims that reducing potable water use beyond this level would be feasible and beneficial,
it has not identified specific designs with significantly less potable water use, nor has it provided
data to show that longerm field use of such equipmastviable. Chapter 5 of the NOPR TSD

contains more information about this analysis.

2. Technology Assessment

As part of the market and technology assessment, DOE developed a comprehensive list
of technologies to improve the energy efficiency of automatic commercial ice makers, shown in
TablelV.5. Chapter 3 of the NOPR TSD contains a detailed description of each technology that
DOE identified. DOE only considered in its analysis technologies that would impact the
efficiency rating of equipment as tested unither DOE test procedureh& echnologies
identified byDOE were carried through to the screening analysis and are discussed in section

IvV.C.

Table IV .5 Technology Options for Automatic Commercial Ice Makers

. Batch Ice | Continuous
Technology Options Notes
9y 2P Makers Ice Makers
Improved compressor efficiency a a
Compressor - = =
Partload operation a a
Increased surface area a a
. . ~ Air-cooled
Enhanced fin surfaces a a
only
Condenser -
. . ~ Air-cooled
Increased air flow a a
only
Increased water flow a a Watercooled
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only

Watercooled

Brazed plate condenser a a
only

Microchannel condenser a a
Fans and Fan Higher efficiency condenser fans an 5 5 Air-cooled
Motors fan motors only
Other Motors Improved auger motor effjcjency _ a

Improved pump motor efficiency a
Controls Smart Technologies a a

Design options which reduce energy| 5

loss due t@vaporator thermal cycling
Evaporator Design options which reducg harves 5

meltage or reduce harvest time

Larger evaporator surface area a a

Tube evaporator configuration a

Improvedinsulating material andf
Insulation thicker insulatioraround the a a

evaporator compartment

RCUs with
Refrigeration Line | Larger diameter suction line a a remote
compressor

Potable Water Rec!uced potable water flow le

Drain water thermal exchange a

a. Reduced Potable Water Flow for Continudiype Ice Makers
Howe questioned why the list of design optionsdmmtinuous type icenakers did not
include reduced potable water flow, considering that such machines can have clean or flush

cycles. (Howe, Public Meeting Transcript, No. 42 at pp.30)

DOE notes that some continuous machines may include controls or design options that
may reduce potable water flowherefore DOE has included reduced potable water flow for

continuous machines as one of its design options.

DOE alsonotes that the test proceddioe continuous type icenakers calls for three
14.4minute long measurements of4oeking production and energy use. The flushing cycles in
continuous type icenakers typically do not occur within these measurement periods and the

water used for flushing not captured in the energy use metric; hebeeause the engineering
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analysis cannot evaluate an improventbatoccursoutside of the test procedure, this aspect of

equipment operatiowas screened out in the screening analysis

b. AlternativeRefrigerants

Scotsman asked whether hydrocarbon refrigerants were considered as a design option.
(Scotsman, Public Meeting Transcript, No. 42 at p. 32) Manitowoc responded that hydrocarbon
refrigerants should not be considered in the analysis becaudeatieeyot been approved for use
by the U.S. Environment al Protection Agency©os
(SNAP). (Manitowoc, Public Meeting Transcript, No. 42 at p. 32) AHRI added that refrigerants
that are used as alternativeshdorofluorocarbons@FC9 andhydrochlorofluorocarbons
(HCFC9 must be approved by both the EPA and the SNAP program. AHRI noted that, although
some hydrocarbon refrigerants were approved for use in residential refrigerators and some
commercial refrigerated displaases, they have not been approved for ice makers. (AHRI,

Public Meeting Transcript, No. 42 at pp.-3&3)

Manitowoc observed that future legislation may require the use of refrigénahtbased
on their current status, have the potentiald¢oreas¢he energy efficiency of ice makers.

(Manitowoc, Public Meeting Transcript, No. 42 at p. 33)

As indicated by AHRI, hydrocarbon refrigerants have not yet been approved by the EPA
SNAP program and hence cannot be anaysisD@QEer ed a
also notes that, whiliéis possible thahydrofluorocarbonKFC) refrigerants currently used in

automatic commercial ice makergy be restricted by future legislatiddQE cannot speculate
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on such future laws and can only consider imitesmakings laws that have been enactdus is
consistent with past DOE rulings, such as in the 2011 direct final rule for room air conditioners
76 FR 22454 April 21, 201]). To the extent that there has been experience within the industry
domestical} or internationallywith the use of alternativew-GWP refrigerantsDOE requests

any available informatigrspecifically cost and efficiency information relating to use of

alternative refrigerants. DOE acknowledges that there are govermnuenéffots to reduce
emissions of HFCs, and such actions are being pursued both through international diplomacy as
well as domestic actiond®OE, in concert with other relevant agencies, will continue to work

with industry and other stakeholders to identify safed more sustainable alternatives to HFCs

while evaluating energy efficiency standards for this equipment.

C. Screening Analysis

In the technology assessment sectibthis NOPR DOE presents an initial list of
technologies that can improve the energycedficy of automatic commercial ice makers. The
purpose of the screening analysis is to evaluate the technologies that improve equipment
efficiency to determine which of these technologies is suitable for further consideration in its
analysesTo do this, IDE uses four screening critadiaesign options will be removed from
consideration if they are not technologically feasible; are not practicable to manufacture, install,
or service; have adverse impacts on product utility or product availability; or hesesad
impacts on health or safety. 10 CFR part 430, subpart C, appendix A, sections (4)(a)(4) and
(5)(b) See chapter 4 of the NOPR TSD for further discussion of the screening analysis.
Additional screening criteria include whether a design option is esghéatsave energy or

whether savings can be measufesing the prescribed test proceduse)d whether an option is
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a proprietary technology or whether it is widely available to all manufactdraote!V .6 shows
the EPCA criteria and additional criteria used in this screening analysis, and the design options

evaluated using the screening criteria.

In the NOPR phase, DOE made several changgetweatment of design options from
the preliminary analysis approach. These changes included:
adding a design option to allow for growth of the unit to increase the size of the condenser and/or
evaporator;
adjusting assumptions regarding maximum congmeEER levels based on additional research
and confidential input from manufacturers;
adjusting potable water consumption rates for bgtglice makers subject to a floor that
represents the lowest potable water consumption rate that would be expdhtsi out
dissolved solid reliably;
adding a design option to allow condenser growth in waieled condensers; and

adding a drain water heat exchanger design option
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Table V.6 Screening Justification

o Not Considered in the
EPCA Criteria for ;
Screening Analysis for Other
Reasons
z g
- ()
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Compressor Part Load 5
Operation
Enhanced Fin Surfaces a
Brazed Plate Condenser a
Microchannel Condenser a
Technology Options to Redug 5 5
Evaporator Thermal Cycling
Technology Options Which
Reduce Harvest Meltage or a
Reduce Harvest Time
Tube Evaporator 5
Configuration
Improved or Thicker 5
Insulation
Larger Diameter Suction Line a
Smart Technologies a

TablelV.7 contains the list of technologies that remained after the screening analysis.

Table IV .7 Technology Options for Automatic Commercial Ice Makersthat were Screened
In

Technology Options Batch Ice | Continuous Notes
Makers Ice Makers
Compressor Improved compressor efficiency a a
Increased surface area a a
. N ~ Air-cooled
Increased air flow a a
Condenser only
N = Watercooled
Increased water flow a a
only
Fans and Fan Higher efficiency condenser fans an 5 5 Air-cooled
Motors fan motors only

82



Improved auger motor efficiency a

Other Motors

Improved pump motor efficiency a

Evaporator Larger evaporator surface area a a
Potable Water Reducedpotable water flow a
a

Drain water thermal exchange

a. Tube Evaporator Design

Among the technologies that DOE considered were tube evaporators thatarteal
shell and tube configuration in which refrigerant evaporates on the outer surfaces of the tubes
inside the shell, and the freezing water flows vertically inside the tolmeate long ice tubes
that are cut into smaller piecdsring the harv& processSome of the largest automatic
commercial ice makers in the RENRC-LargeB and the IMHW-Large B equipment clags
use this technologyHowever,DOE concluded thatmplementation of this technolodgr
smaller capacity ice makers woudnificantlyimpactequipmenuitility, due to the greater
weight and sizef these designandto thealteredice shapeDOE noted that available tube
icemakers (for capacities aroun®Q@0lb ice/24 hoursand 22001b ice/24 hourswere 150 to
200percentheaver than comparable cube ice mak&ased on the impacts to utility of this

technology, DOE screened out tube evaporators from consideration in this analysis.

b. Low Thermal Mass Evaporator Design
DOEG6s preliminary analysis did not consi de
Reducing evaporator thermal masdaftch type icenakers reduces the heat that must be
removed from the evaporator after the harvest cycle, and thus decreases refrigestion s
energy use. DOE indicated during the preliminary analysistthets concerned about the
potential proprietary status of such evaporator designs, since DOE is aware@ienly

manufacturer that produces equipment with such evaporators. DOE requestaent on the
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proprietary status of lomhermalmass evaporator designs in general, and the design used by the

cited manufacturer (Hoshizaki) in particular.

Scotsman commented that Hoshizaki has recently patented or attempted to patent
modifications tamprove evaporator efficiency and noted that using such evaporator designs
would be difficult for other manufacturers because it would require an expensive and risky
redesign of entire product lines. (Scotsman, Public Meeting Transcript, No. 42 at Bf, 35
Scotsman, No. 46 at pp- 2) However, Manitowoc observed that, although intellectual property
is certainly a concern, there may be ways to implement this low thermal mass evaporator
technology without exactly duplicating Hoshizé&kdesigns. (Manitowgdublic Meeting

Transcript, No. 42 at p. 36)

Hoshizaki commented that its batch type evaporators do indeed contain intellectual
property in past and future designs, adding that the tooling costs for manufacturing these
evaporators would be too expensige competing manufacturers to replicate. (Hoshizaki, No.

53 at p. 2)

AHRI recommended that DOE eliminate proprietary designs from consideration and limit
its analysis to technologies that are available to all manufacturers in the ice maker industry.

(AHRI, No. 49 at p. 4)

Manitowoc commented that, in addition to the obvious legal issues associated with

favoring a proprietary design held by a single manufacturer,@®@kalysis tools are also
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incapable of predicting the potential benefit of low thermadsrevaporators, which are difficult

to model accurately. (Manitowoc, Public Meeting Transcript, No 42 at pi873énd No. 54 at

p. 3) Manitowoc also warned thidte impact of this technology on one ice maker should not
simply be extrapolated to other mawds and that oversimplification of this analysis would

affect the predicted efficiency benefits of each technology level. (Manitd®uixtic Meeting
TranscriptNo. 42 at pp. 3637) Manitowoc added that customers are very loyal to the style of
ice that tley get from its machines and that all manufacturers keep customer loyalty in mind
when designing their evaporators. Consequently, Manitowoc expressed concern that a new
evaporator design could force manufacturers to change the style of their ice, wiictrivau

down sales and result in a low overall payback despite the improved energy performance, and
thereforeManitowocconcluded that DOE should not establish higher efficiency levels based on
this design option. (Manitowoc, Public Meeting Transcript, Abat pp. 3637 and No. 54 at p.

3)

On the basis of its proprietary statD€)E concludes that its initial decision to screen out
low-thermatmass evaporator technology was appropriettes, DOE has screened out this

technology in its NOPR analysis.

c. Drain Water Heat Exchanger

Batch ice makers can benefit from drain water thermal exchange that cools the potable
water supply entering the sump, thereby reducing the energy required to cool down and freeze
the water. Technological feasibility is demonstthby one commercially available drain water

thermal heat exchanger that is currently sold only for aftermarket installation. This product is
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designed to be installed externally to the ice maker, and both drain water and supply water are

piped through thelevice®

In the preliminary analysis, DOE considered whether such a component could be
considered to bpart of an ice maker as defined in EPCA. The EPCA definition for automatic
commercial ice makers states that the ice maker consists of a conderisarngl ucemaking
section operating as an integral unit, with means for making and harvesti(@iteS.C.
6311(19))The definition allows that the ice maker may include mearstdoing ice, dispensing
ice, or storing and dispensing ice. None of thiecemponents of the ice maker listed in the
definition could be interpreted as referring to heat exchangers for drain water thermal exchange.
DOE notes that an ice maker can still make ice without a drain water heat exchanger; hence, the
drain watetheat echanger cannot be consideredraegralpart of the equipment. For these
reasons, DOE concluded during the preliminary analysis that external drain water heat
exchangers, the only configuration of this technology for which technological feasibility is

demonstrated, should be screened autirequested comments on this approach.

NPCC asserted that DOE should consider drain water thermal exchange as a technology
option. NPCC proposed that reducing the inlet water temperature could enable an ice maker to
maintain the same capacity without increasing the overall size of the unit. Although NPCC does

not manufacture ice makers, it acknowledged having seen this technology implemented in other

30 A.J. Antunes and Cd/izion Product Catalag(Last accessed May 18, 2013.)
<www.ajantunes.com/VIZION/VIZIONRductCatalog/tabid/229/ProdID/481/CatlD/280/language/en

US/Default.aspx
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applications, such as water heating, without reducing capacigm@aising overall size. (NPCC,

Public Meeting Transcript, No. 42 at pp.-3B)

Earthjustice commented that DOEOG6s rational
exchangers was defective on both legal and factual grounds. In the preliemafrsisTSD,
DOE suggested that externally mounted dveeterh e at exchanger s woul d f a
definition of automatic commercial ice makers, and that DOE therefore had no authority to
consider them in this rulemaking. Earthjustice argued that this geaaists the statutory
definitiondbs role in identifying which produc
subject to efficiency standards into a ADos a
of ice makers DOE may examine when amegdhe standards that Congress enacted. Congress
adopted standards that apply to the ice maker as a whole, and Earthjustice asserted that there is
therefore no basis to conclude that EPCA intended to prohibit DOE from looking holistically at
this equipmenwhen amending the statutory standards. Earthjustice added that, if every
technological innovation that improved the efficiency of a covered product needed to be
specifically mentioned in the statuteas defin
screening analysis. Earthjustice also noted that, in previous rulemakings, DOE consistently
recognized that components that improve the efficiency of covered products merit consideration
in the DOEGs anal yses, not wiytolhe basiofahctiong t hat t
performed by the product, not referred to in the statutory definition applicable to the product, or
external to the case or envelope of the devic
assertion that internally mounted dragahexchangers would necessarily increase eabire is

not true for all icenaker models. MoreoveEarthjustice statedOE has not considered options
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such as microchannel heat exchangers, which would increase both machine efficiency as well as

available cabinet space within the ice maker. (Earthjustice, No. 47 ai gp. 1

DOE has reconsidered its preliminary suggestion that external drain water heat
exchangers cannot be considered part of an ice msakply because they are not specifically
mentionedn the EPCA definition, now concluding that they can be considered as a design
option ando bepart of a basic modéte maker, assuming that the drain water heat exchanger is
sold and shipped with the unit and that the installation and operating trestsuclearly

reinforce this inclusion by detailing the installation requirements for the heat exchanger.

Thus, DOE is including this technology as a design option. As NPCC noted, externally
mounted drain water heat exchangers would provide energy siwjngsu si ng fAwast eo
cool the incoming potable water supply, thus reducing the amount of energy necessary to freeze
the water into ice. Whereas internal heat exchangers may require increased cabinet size to fit
within the ice maker, allowing externagéat exchangers as a design option would prevent size

increase.

DOE has concluded that drain water heat exchanigetis internally mounted and
externally mountedaredesign options that can increase the energy efficienaytoimatic
commerciaice malers. Thecurrent test procedureguld give manufacturers credit for
efficiencyimprovemenof drain water heat exchangers, includexgernally mounted drain

water heat exchangeaslong as they are providedth the machine anthe installation
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instructons for the machine indicate that the heat exchangers are part of the machine and must

be installed as part of the overall installation

d. Design Options that Necessitate Increased Cabinet Size

Some of the design options considered by DOE in its technology assessuidnt
require an increased cabinet size. Examples of such design options include increasing the surface
area of the evaporator or condenser, or both. Larger heat exchangers wblddreneefrigerant
circuit to operate with an increased evaporating temperature and a decreased condensing
temperature, thus reducing the temperature lift imposed on the refrigeration system and hence the
compressor power input. In some cases the addieglerant charge associated with increasing
heat exchanger size could also necessitate the installation of a refrigerant recngereo
proper refrigerant charge management in all operating conditions for which the unit is designed,

thus increasing theeed for larger cabinet size.

In the preliminary analysj®OE did not consider design options that increase cabinet
size, and it requested comment on this apprdq@BE, Public Meeting Presentation, No. 29 at

p. 35)

Earthjustice observed that thisug, in which certain design options necessitate larger
products and therefore larger installation costs, is common in rulemakings. Despite the potential
difficulties that increased size could pose for ice maker manufacturers and customers,

Earthjusticecommentedhat the preliminary analysis is not necessarily the stage of the
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rulemaking in which such design options should be ruled out. (Earthjustice, Public Meeting

Transcript, No. 42 at pp. 4@7)

At the February 2012 preliminary analysis public meetiMgnitowoc pointed out that
the size of ice makers is severely limited in certain applications, which would make it difficult
for manufacturers to implement design changes that reduce energy but require an increase in
size. Manitowoc warned that DOE shoulot assume that all iceaker manufacturers can
increase the sizes of their ice machines to meet standards. In manycesesng to
Manitowoc,increasing the size may result in higher installation costs, which are not considered
in DOES analysis. Maitowoc and AHRI both noted that a high percentage of the ice machine
business involves replacing old units and that the size of new ice makers is therefore dictated by
the size of the products being replaced. (Manitowoc, Public Meeting Transcript, Alop@2
57- 59 andNo. 54 at p. 2AHRI, No. 49 at p. 2) AHRI also commented that customers continue
to demand smaller ice machines as the space used to house them competes agéirsiiri®re
spaces, such as hotel rooms. Hoshizaki agreed that the indastrgovingowardsmaller ice
makers and also recommended that DOE limit cabinet size. Consequently, Manitowoc, AHRI,
and Hoshizaki all commented that DOE should not consider design options that increase cabinet

size in its analysis. (Manitowoc, No. 54pat2; AHRI, No. 49 at p. 2; Hoshizaki, No. 53 at p. 1)

Scotsman commented that, for products at the top of the capacity range within a given
standard cabinet size, manufacturers cannot increase the size of internal components such as air
cooled condenss without increasing the machi@esbinet size. This would make the machines

less competitive because they would no longer physically fit in certain applicatmusding to
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Scotsman(Scotsman, Public Meeting Transcript, No. 42 at pp88] Moreover Scotsman

noted that assessing the impact of a technology on one type of machine and applying it to other
types can be difficult and inaccurate. For example, while increasing condenser area could be
simple for a 30db machine, it may require retooling €&l parts, in addition to increasing

cabinet size and thus also increasing overall costs, to make the same condenser growth fit in a
600-Ib machine. (Scotsman, No. 46 at p. 2) Finally, Scotsman stated that increasing the size of
ice makers will cause cal®t costs to increase. (Scotsman, Public Meeting Transcript, No. 42 at
p. 64) Therefore, Scotsman agreed with its fellow manufacturers that DOE should avoid design

options requiring cabinet size increases. (Scotsman, No. 46 at p. 4)

Manitowoc commentethat it is rare for manufacturers to have data regarding available
space, ventilation, or other variables regarding the final installation of their products. Moreover,
Manitowoc added that forcing an ice maker with larger cabinet size into an existieglsgas
too small for it would exacerbate condenser air recirculation, which decreases its efficiency and

reliability. (Manitowoc, Public Meeting Transcript, No. 42 at pp- 62)

However, Scotsman al so comment e dlectedsest an i
as its size increases, meaning that it may be more efficient to use an oversized machine than one

that has been downsized. (Scotsman, Public Meeting Transcript, No. 42 at $p) 61

Howe commented that the physical size of an automatic commeeciaaker has no
effect on its efficiency or its run time. According to Howe, the run time of ice makers is a

function of their productive capacity as well as the size of their ice storage bins, because ice
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production automatically ceases when the binlisHowe added that regulating the physical
size of ice makers may limit the use of new, more efficient technologies in the future. Therefore,
Howe urged DOE not to consider limiting the physical size of ice makers. (Howe, No. 51 at pp.

1-2)

NEEA/NPCCalso urged DOE not to consider limiting ice maker cabinet size in the
rulemaking. NEEA/NPCC pointed out that, although improving the efficiency of an ice maker
may require increasing the size of its components, many ice makers have sufficient room in their
cabinets to accommodate such size increases. According to NEEA/NPCC, advanced evaporator
designs could be used to meet efficiency and capacity requirements for ice makers whose

evaporators already require the full cabinet size. (NEEA/NPCC, No. 50 at p. 2)

CA 10Us agreed that DOE should not screen out design options that would require an
increase in cabinet sizEA IOUsreferred to a limited field study whose results indicate@Ao
IOUs that larger icenaking equipment may be accommodated in most situatt$OUs
added that there is no evidence as to whether there may be another space in installation locations
that could accommodate a larger ice maker. There@kdOUs assertethat, in the absence of
a survey or field study that shows size constraints to be an issue, DOE should not use size to

screen out design option€A 10Us, No. 56 at p. 3)

Based on these comments from stakeholders, DOE understands that automatic

commercal ice makers are often used in applications where space is very limited. DOE has not
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received any data supporting or refuting the characterization that installation locations may be

able to accommodate larger icemakers.

Although CA I0Us cited a study indating that installation locations may be able to
accommodate larger ice makgtshe sample size of this study is extremely small and is not
necessarily representative of the entire automatic commercial ice maker mhaekstudy does
not present anytiidings on the size constraints and allowances seen in the inspected products,
and the pictures themselves are inconclusive. DOE believes it would be difficult to support any

sizebased conclusions using this study.

Particularly because replacements casgsuch a large portion of the iceaker
industry, ice makers affected by the proposed standard must maintain traditional standard widths
and depths. Allowing design options that necessitate physical size increases may push certain
capacity units beyondheir current standard dimensions and would thus force the use of lower
capacity machines in replacement applications, which would significantly reduce equipment

utility.

On the other handcreening ousizeincreasing design options would eliminate from
consideration technologies that could significantly reduce the energy consumption of automatic

commercial ice makers.

31 Karas, A.A Field Study to Characterize Water And Energy Use of Commerciglite Machines and Quantify
Savings PotentiaDecember 2007. Fishélickel, Inc., San Ramon, CA.
<www.fishnick.com/publications/fieldstudies/Ice_Machine_Field Study.pdf
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Consideration of design options that increase the size of ice makers is strongly related to
consideration of sizeonstrained design dphs.DOE notes thatwhile stakeholders have
pointed out that mangutomatic icanakerapplicationsare spaceonstrainedas described in
sectionlV.B.1.a, DOE das not have access to sufficientlgtailed data that woulkeither
indicate what percentage of applications could not allow size inci@dse the basisotset size
limits for spaceconstrained classe$hus, DOE has also decided not to createcirstained

equipment classes.

DOE also notes that there are a wide range of product sizes withiegugsient
clas®s, and that DOE must seek out the raditient configurations. DOE notddat the
equipment it purchased for reverse engineering inspeatedtected a general tretftat more
efficient units were often larger, had larger condenseis in some cases had larger evaporators.
Based on DOEGOs equipmeRirspections, ladygr chassisisizgpeareftento

bea means of achievinggher efficiencies.

Thus, DOE is including thipackagesizeincreasing technologiess design optiain the
NOPR analysisDOE only appliedhesedesign optiosfor thoseequipment clags whereghe
representativeaseline unit had space to grow refatto the largest units on the markete

equipmengrowth allowed for larger heat exchangers to incregsgpmenefficiency.

For equipment classes with remote condensers, DOE only afipbedesign optiomo

the condenser package, and not toiteenakinghead that is placeddoors In general, DOE
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only considered increasing the size of the evaporator whetievproduct inspections (see

sectionlV.D.4.e) indicated that it was needed to increase efficiency.

In addition DOE recognizes thapace constraints are more critical &2U units hence,

DOE did not considepackage sizgrowth forSCUequipment clags.

TablelV.8 indicates for whiclanalyzedequipment clagssDOE consideredhassis

growing design optios.

Table IV .8 Analyzed Equipment Classes WhereDOE Analyzed SizelIncreasing Design
Options

. Rated Harvest Used Design Options that
Unit . Rate Increased Size?
Ib ice/24 hours )
IMH-A-SmallB 300 Yes
IMH-A-LargeB (med) 800 Yes
IMH-A-LargeB (large) 1,500 No
IMH -W-SmallB 300 Yes
IMH-W-Med-B 850 No
IMH-W-LargeB 2,600 No
RCU-XXX -LargeB (med) 1,500 For the remote condenser, b
not for the icemaking head
RCU-XXX -LargeB (large) 2,400 For the remote condenser, b
not for the icemakinghead
SCU-A-SmallB 110 No
SCU-A-LargeB 200 No
SCUW-LargeB 300 No
IMH-A-SmallC 310 No
IMH-A-Large-C (med) 820 No
SCU-A-SmallC 110 No

TablelV.9 shows thesize increasethatDOE considered ithe analysisDOE only
consideredHesesize increasewhen a uniexistedon the markethat wadarger than the

baseline unitDOE based thaew chassis sizes on the sizes of current units on the market.

Table IV .9 Description of Size Increase Design Optiongs the EngineeringAnalysis

Equipment Equipment Size Height Width Depth Volume
class Type Descriptor inches inches inches cubic feet
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Baseline 16.5 30 24.5 7.02
IMH-A-Smalk-B IMH Growth 215 30 245 9.14
IMH-A-LargeB IMH Baseline 26 30 24 10.83
(Med) Growth 29 30 24 12.08
Baseline 20 30 24 8.33
IMH-W-SmaltB IMH Growth 235 30 235 9.59

Further information on this analysis is availablehapter 5 of the NOPR TSD.

e. Microchannel Heat Exchangers

NEEA/NPCC, ASAP, and Earthjustice all recommended that DOE include microchannel
heat exchanger technology in its examination of design options for improving condenser and
evaporator efficiency. NEEAPCCnoted that this technology has been used in heat exchangers
for air handling equipment for years and it would allow for increased efficiency or greater ice
production capacity. (NEEA/NPCC, No. 50 at p. 2) ASAP commented that, although it is not
aware of ¢ce makers on the market that incorporate microchannel heat exchangers, ice maker
manufacturers who have tested prototype units that implement this technology have noticed
significant efficiency improvements. (ASAP, No. 52 at p. 1) Finally, Earthjustieribat
microchannel heat exchanger technology would increase both machine efficiency and available

cabinet space within the ice maker. (Earthjustice, No. 47 at@. 1

DOE has not found evidence that this technology is-efsttive. Moreover, through
discussions with manufacturers, DOE has learned of no instances of energy savings associated
with the use of microchannel heat exchangers in ice malarsufacturers also noted that the
reduced refrigerant charge associated with microchannel heat excheagée detrimental to
the harvest performance lodtch type icenakers, as there is not enough charge to trahstr

to the evaporator from the condenser.

96



DOE contacted microchannel manufacturers to determine whether there were savings
associated wit use of microchannel heat exchangers in automatic commercial ice nfdless
microchannel rmnufacturers noted that investigation of microchannel was driven by space

constraints rather than efficiency.

Because the potential for energy savirsgaconcusive, based on DOE analysis as well
as feedback from manufacturers and heat exchanger supplietmsaadorthe potentialutility
considerations associated wadbmpromised harvest performancéatch type icenakers
associated with this heat exchangee ¢ h n orddacegdyairigerant chargeOE screeadout

microchannel heat exchangers as a design option in this rulemaking.

f. Smart Technologies

CAlI OUs recommended that DOE al so consider
options that will go beyad simple energy savings by capturing demand reductions as well. To
support this propositiorfGA I0Us referenced a study showing that, for automatic commercial
ice-making equipment, there are 450 megawatts of demand reduction potential in California
alone,indicating a significant nationwide possibility for reducing the energy demand associated
with i ce makers. I f DOE does not CAIOUsude s ma
instead asked that DOE comment on whether states will be allowed to impkmkmesign

option requirements for iemaking equipment.GA IOUs, No. 56 at pp.-56)
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While there may be energy demand benefits

in ice makersn that they reduce energy demaedy( shift the refrigerationystem operation to

a time of utility lower demandpPOE is not aware of any commercialized proguctprototyps
thatalso demonstrate improved energy efficiemcgutomaticcommercial ice maker®emand
savings alone do not impact eneggficiency, andDOE cannot consider technologies that do
not offer energygavingsas measured by the test proced&iace the scope of this rulemaking is
to consider energy conservation standards that increase the energy efficieatmnaitic
commercial ice makers, hbow they operate, for example, in relation to utility dema#md,
technology optiomasbeenscreened outdrause it does not sageergyas measured by the test

procedure

g. Screening Analysis: General Comments

Howe suggested that DOE gather information on a wider variety of design types of both
batch anctontinuous type icenakers before completing its analyses, noting that DOE may have
prematurely screened out design options simply because they had advetseaftbe ice
makers within the small range of design parameters for which DOE collected data. (Howe, No.

51 at p. 4)

Howe has not provided specific exampleseahnologieghat it has claimed that DOE
prematurely screened out, so DOE is not in a posith respondDuring the NOPR analysis,
DOE analyzed additional units and accounted for this additional data in its engineering analysis.
DOE considered a wide range of design types for ice makers, and screened out technologies as

described irsectionlV.D.
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D. Engineering Analysis

The engineering analysis determines the manufacturing costs of achieving increased
efficiency or decreased energy consunmptDOE historically has used the following three
methodologies to generate the manufacturing costs needed for its engineering analyses: (1) the
designroption approach, which provides the incremental costs of adding to a baseline model
design options thatill improve its efficiency; (2) the efficienchgvel approach, which provides
the relative costs of achieving increases in energy efficiency levels, without regard to the
particular design options used to achieve such increases; and (3) thesassnd (or reverse
engineering) appr oaecuhp,0 whaincuhf apcrtouvriidnegs cfobsott taosns
achieving various levels of increased efficiency, based on detailed data as to costs for parts and
material, labor, shipping/packaging, and investment fodefs that operate at particular

efficiency levels.

As discussed in the Framework document and preliminary analysis, DOE conducted the
engineering analyses for this rulemaking using a combined efficiency level/design option/reverse
engineering approach tleveloping cosgfficiency curves for automatic commercial ice makers.

DOE established efficiency levels defined as percent energy use lower than that of baseline
efficiency products. DOEOGs analysis is based
groups of design options. Also, DOE developed manufacturing cost models based on reverse
engineering of products to develop a baseline manufacturer productigMegsyand to

support calculation of the incremental costs associated with improvemefitiehel.
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DOE selected a set of 25 equipment classes to analyze directly in the engineering
analysis. To develop the analytically derived egf§iciency curves, DOE collected information
from various sources on the manufacturing cost and energy ustioadtharacteristics of each
of the design options. DOE reviewed product literatiegted andonducted reverse engineering
of 39ice makersand interviewed component vendors of compressors and fan motors. DOE also
conducted interviews with manufacturers during the preliminary anafyaistional details of
the engineering analysis are available in chapter 5 of the NOPR TSixxapy of the

engineering questionnaire is reproduced in appeh2ixof the NOPR TSD.

Cost information from the vendor interviews atidcussions with manufacturers
provided input to the manufacturing cost model. DOE determined incremental costs associated
with speciic design optiongrom both vendor information and the cost model. DOE modeled
energy use reduction using the FREEZE program, which was developed in the 1990s and
upgraded as part of the preliminary analysis. The reverse engineering, vendor intendews, an
manufacturer interviews provided input for the energy analybis final incremental cost
estimates and the energy modeling results together constitute the energy efficiency curves

presented in the NOPR TSD chapter 5.

DOE alsoconsidered conducting tlemgineering analysis usirag efficiency level
approach based on rated and/or measured energy use and manufacturing cost estimates based on
reverse engineering daf2aOE completed efficiency level analyses for several equipment classes
but concluded thahis approach was not viable, because the analysis suggested that cost would
be reduced for higher efficiency designs for several of the equipment classes. This mnalysis

discussedn sectionlV.D.4.eand in chapter 5 of the NOPR TSD
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1. Representative Equipment for Analysis

In performing its engineering analysis, DOE selected representative uriis for
equipment class to serve as analysis pointisaérdevelopment of cosffficiency curves. In
selecting these units, DOE sekstimodels that were generally representative of the typical
offerings produced within the given equipment class. B@Eght toselect models having
features and technologieptygally found in the minimum efficiency equipment currently
available on the markebut selectedome models having features and technologies typically

found in the highest efficiency equipment currently available on the market.

2. Efficiency Levels

a.Baseline Efficiency Levels

EPCA, as amended by tB°ACT 2005, prescribed the following standardsldatch
type icemakers, shown ifablelV .10, effective January 1, 20142 U.S.C. 6313(d)(})For the
engineering analysi®OE usedthe existing batchype equipment standa@s the baseline
efficiency level for the equipment types under consideration in this rulema#isw DOE
appliedthe standarsifor equipment with harvest capacities up to 2,500 Ib ice/24 hours as
baseline efficiency levels fahe larger batckype equipment witlharvest capacities between
2,500 and 4,000 ice/24 hourswhich are currently not regulatddOE applied two excefns

to this approach, as discussed below

For the IMHW-SmallB equipment clasDOE slightly adjusted the baseline energy use

level to close a gap between the INMSmallB and the IMHW-Medium-B equipment class.
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Forequipment irthe IMH-A-Large B equipment claswith harvest capacity above 2,500 Ib ice
per 24 hoursDOE chose a baseline efficiency level equathe current standard leval the
2,500 Ib ice per 24 hours capacity its analysis, DOE is treating the constant portion of the
IMH -A-LargeB equipment clasas a separatxjuipment clasdMH-A-ExtendedB. Section

IV.C contains more details of these adjustments.

DOE is not proposing adjustment ofiaximum condenser water use standéwdbatch
type icemakersFi r st , DOEG6s authority does not extend
explicitly provided by EPCASecondDOE determined that increasing condenser water use
standards to allow for more water flaw order to reduce energy uisanot costeffective The

details ofthis analysis are available ihapter 5 of the NOPR TSD.

For watercooled batch equipment with harvest capacity less than 2,500 Ib ice per 24
hours,the baseline condenser water use is equal to the current condenser water use standards for

this equipment.

Forwatercooled equipment with harvest capacity greater than 2,500 Ib ice per 24 hours,
DOE proposedo set maximum condenser water standardsleqube current standard level for
the same type of equipment with a harvest capacity of 2,500 Ib ice per 28 hloeisroposed
standard level would not continue to drop as harvest capacity increases, as it does for equipment

with harvest capacity lessah 2,500 Ib ice per 24 hours.
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Table 1V.10Baseline Efficiency Levels for Batch Ice Makers

Tvpe of Rated Harvest Maximum Energy Maximum Condenser
Equipment Type C%F())Iin Rate Use Water Use
9 | Ibice/24 hours |  KWh/100 Ib ice gal/100 Ib ice
<500 7.790.0055H" # 200-0.022H
Water 0500 a48d  5.580.0011H 200:0.022H
: O 1436 4.0 145
Ice-Making Head <450 10.260.0086H Not Applicable
Air 04 50 &00g 6.89-0.0011H Not Applicable
0 500 4.1 Not Applicable
Remote Condensing <1,000 8.85-0.0038H Not Applicable
(but not remote Air : .
compressor) O 1000 5.10 Not Applicable
Remote Condensing <934 8.850.0038H Not Applicable
and Remote Air . .
Compressor 09314 5.30 Not Applicable
<200 11.40.019H 191-0.0
For <2500: 192
Selt Contained Water 6200 7.60 0.0315H
For,500:412
Air <175 18.00.0469H Not Applicable
0175 9.80 Not Applicable

* Water use is for the condenser only and does not include potable water used to make ice.

** H = ratedharvest rate in pounds per 24 hours, indicating the water or energy use for mggdbarvest rate.
Source: 42 U.S.C. 6313(d).
AThere is a gap between the existing IM¥WSmallB standard and the INMV-Medium-B standardThe baseline

equation for theNH-W-SmallB equipment claswas adjusted from 7:80.0055*H to 7.79 0.0055*H to close this
gap.

Currently there are no DOE energy standardsdotinuous type icenakers. During the
preliminary analysis, DOE developed baseline efficiency levels using energy use data available
from several sources, as discussed in chapter 3 prdieninaryTSD. DOE chose baseline
efficiency levels that would be met by nearlyiadt makers represented in the databases. Also,
because energy use reported at the time DOE was preparing the preliminary dithheis
includethe hardness adjustment prescribed by the new test procé@®& made these
adjustments to the data. At thiehe, hardness data was also not generally available for ice
makers therefore DOE used assumptions of 0.7 ice hardness for flake ice makers and 0.85 for

nugget ice makers to make the hardness adjustmbuossestimating energy use as it would be

32|ce hardness is a term used for ice produced by continuous type ice makers, describpegeensage of the
output is hard ice (as compared to water).
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measued by the new test procedur@ FR 3404Jan. 24, 2012DOE selected harvest capacity
break points (harvest capacities at which the slopes of the trial baseline efficiency levels change)
for all but the selcontained equipment classes consistent thitise selected by the Consortium

for Energy Efficiency (CEE) for their new Tier 2 efficiency level for flakerzakers. Note that

DOE did not also adopt the CEE energy use levels for any of its incremental efficiency levels
because the CEE energy use Is\i® not incorporate adjustment of the measured energy use

based on ice hardness

For the NOPR analysis, DOE used neadsilable information published in the AHRI
Directory of Certified Product Performandbe California Energy Commission, the ENERGY
STAR program, and vendor websites, to update itsicemmaket i ngs dat abase (ADC
rati ngs .Ild2012aAHRIpublished equipment ratings foanycontinuous type ice
makers, including ice hardness factoatculated as prescribed by ASHRA& 2009 which is
incorporated by reference in the new DOE test proce@ @& recreated its database for
continuous type icenakers based on the available AHRI datmsideing onlytheice makers
for which AHRI ratings foiice hardneswereavailable DOE also adjusted the harvest capacity

break points fothe continuougquipment clagsbased on the nedata

The baseline efficiency levels foontinuous type icenakers ar@resentedn Table
V.11 They are comparedslith the ice maker energy use data in chapter 3 dNDBRTSD.
For the remote condensing equipment,lénge capacityremote compressor atalgecapacity
nortremote corpressor classes have been separated and are different by 0.2 kwh/100 Ib,

identical to the batch equipment differentibhis differential isalsodiscussedbriefly in section
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IV.B.1.e. DOE requests commenta the development @fficiency levels focontinuougype

ice makersaand whether the selected levels appropriately représsetineequipment

Table 1V.11 Baseline Efficiency Levels for Continuous Ice Maker Equipment Classes

o Type of Rated Harvest Maximum Energy Con’\éllz)r(llsrglrmvtlater
quipment Type Cooling . Rate Use o Use
Ib ice/24 hours kWh/100 Ib ice :
—_—— —— gal/100 Ib ice
Small (<900) 8.1-0.00333H 1600.0176H
Water 2,500:160-0.0176H
Ice-Making Head Large ( 51 >2,500:116
Air Small (<700) 11.00.00629H Not Applicable
Large ( 6.6 Not Applicable
Remote Condensing Air Small (<850) 10.2-0.00459H Not Applicable
(Remote Compressol Large ( 6.3 Not Applicable
Remote Condensing Small (<850) 10.00.00459H Not Applicable
g:,\(lj?rr\}p:ferz(s);?) Alr Large ( 6.1 Not Applicable
Small (<900) 9.1-0.00333H 1530.0252H
,500:
Selt Contained Water Large ( 6.1 153.0.0252H
>2,500:90
Air Small (<700) 11.50.00629H Not Applicable
Large ( 7.1 Not Applicable

* H = ratedharvest ratén Ib ice/24 hours

b. Incremental Efficiency Levels

For each of theineanalzedbatch type icanakingequipment classes, DOE established
a series of incremental efficiency levels for which it has developed incremental cost data and
guantified the cosgfficiency relationshipDOE chose a set of analyzed equipment classes that
would be representative of &latch type icanaking equipment classes, and grouped non
analyzed equipment classes with analyzed equipment classes accordingly in the downstream

analysis TablelV.12 shows the selected incremental efficiency levels.

For the IMHA-Large B equipment clasDOE is adopting its suggested approach from
the preliminary analysis meetindOE, Preliminary Analysis Public Meeting Presation, No.
42 at p.29) As part of this approagtDOE is treating the largest units as an extemrdgipment
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class(IMH-A-ExtendedB), basing the analysis for thesjuipment clasen the analysis for a
1,500 Ibice/24 hourlMH -A-LargeB unit. When setting TSLs, DOE monsidering the 800 Ib

ice/24 hourIMH-A-LargeB analysis separately from théQO0 Ibice/24 houranalysis.

Table 1V.12Incremental Efficiency Levels for Batch Ice Maker Equipment Classes

. « Rated Harvest Rate -

Equipment Type Ib ice/24 hours EL 2 EL3 EL4 EL5 EL6
IMH -W-SmallB <500 10% 15% 20% 25%
IMH-W-Med-B 0500 a&86d < 10% 15% 20%

IMH -W-Large B O 436 10% 15% | 20%
10%

“A- A 0, 0, 0, 0,
IMH-A-SmallB <450 (E_STAR@ 15% 20% 25% 30%
IMH -A-LargeB” 0450 10% .| 1506 | 20% | 25%

-A-Large (E-STAR% 0 (] ()

9%
_ - *k% A o) 0,
RCU-NRC-SmaltB <1,000 (EST AR@ 15% 20%
] 9%
- " A 0, 0,
RCU-NRC-LargeB 01,000 (E_STAF& 15% 20%
9%
<934 ) 15% 20%
RCU-RC-B (E-STAR)
] 9%
A 0, 0,
09314 (E_STAR% 15% 20%
SCU-W-SmallB*** <200 7% 15% 20% 25% 30%
SCUW-LargeB 0200 7% 15% 20% 25% 30%
7%

- A 0, 0, 0, 0,
SCU-A-SmallB <175 (EST AR,% 15% 20% 25% 30%
] 7%

- A 0, 0, 0, 0,
SCU-A-LargeB 0175 (EST AF& 15% 20% 25% 30%

* SeeTablelll .1 for a description of these abbreviations.

** E| = efficiency level; EL 1 is the baseline efficiency level, while EL 2 through EL 6 represent increased efficiengy leve
*** These equipmentlasses were not directly analyzed

A New ENERGY STAR levels became effective on February
February 1, 2013.

y The IMH-A-LargeB levels were analyzed at the 800 Ib ice/24 hour size and thelb,8@024 hour size, and the 1,500 Ib
ice/24 hour size were used to set standards for the newANBAtendedB class.

For each of théhreeanalyzedcontinuous type icenaker equipment classes, DOE
established a series of incremental efficiency levels, for which it has developed incremental cost
data and quantified the cestficiency relationshipDOE chose a set of analyzed equipment
classes that would be represen&idf allcontinuous type icenaking equipment classes, and

grouped noranalyzed equipment classes with analyzed equipment classes accordingly in the
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downstream analysis, as discussesertionV.A.1. TablelV.13 shows the selected incremental
efficiency levels. The efficiency levels are defined by the percent energy use less than the

baseline energy use.

Table IV .13 Selected Incremental Efficiency Level$or Continuous Type Ice Maker
Equipment Classes

Rated
Equipment Harvest .
Type* Rate EL 2 EL 3 EL 4 EL5 EL 6
b icef24
hours

IMH-W-SmallC <900

IMH-W-Large-C 0900

IMH-A-SmaltC <700 10% 15% 20% 25% 30%
IMH -A-Large-C 0700 10% 15% 20% 25% 30%
RCU-SmallC <850 Not Analyzed

RCU-LargeC 0850 Not Analyzed

SCUW-SmaltC <900 Not Analyzed

SCUW-LargeC 0900 No existirg products on the market
SCU-A-SmaltC <700 7% | 15% | 20% | 25% |
SCU-A-LargeC 0700 No existing products on the market

* SeeTablelll .1 for a description of these abbreviations.
** E| 1 is the baseline efficiency level, while EL 2 through EL 6 represent increased efficiency levels.

DOE selected the efficiency levels foettontinuous type icenakersbased on the levels

proposed in the preliminary analysis

c. IMH-A-LargeB Treatment

The current DOE energy conservation standard for largeoaled IMH cube type ice
makers igepresented bgn equatiorior whichmaximum alowable energy usagiecreases
linearly as harvest rate increadesm 450 to 2,500 Ib ice/24 houtsxtending the current IMH
A-LargeB equation to the 4,000 Ib ice / 24 hours range would result in efficiency levels in the

newly covered range (between @)ab/day and 4,000 Ib/day) that may not be technically
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feasible For example, at 4,000 Ib ice/24 hours, the specified baseline energy use would be 2.49
kwh/100 Ib, a value far below the energy consumption of existing-MkargeB ice makers

(e.qg, it is 39 percent lower thatte lowestrating for IMH-A-Large B equipment of which DOE

is awared.1 kWh/100 Ib). In the preliminary analysis, DOE proposed establishing baseline and
incremental efficiency levels for this equipment class that maintain a constant level of energy use
at higher harvest capacitjegith exceptionsn certain harvest capi#ig ranges to avoid

backsliding For example, foefficiency level 2, DOE proposed that (a) between 1,600 and 2,080
Ib ice/24 hours, the maximum energy use would be independent of harvest capacity, as is the
case for all other higharvestcapacity equipm# classes, (b) between 2,080 Ib ice/24 hours, the
maximum energy usage would be calculated according to the current standard to avoid EPCA
anti-backsliding provisions, and (c) between 2,500 and 4,000 Ib ice/24 hours, the maximum
energy use would remainmstant. DOE presented this approach in the preliminary analysis and

requested comment on it; DOE did not receive any comments on this approach.

Hence DOE is proposing to use the approacbutlinedin the preliminary analysis
meetingfor the IMH-A-Large B equipment clas@©OE, Preliminary Analysis Public Meeting
Presentation, No. at p. 2%urther, DOE proposes #eparate capacity ranges of this class into
ranges designatdiH-A-B and IMHA-ExtendedB, the first for equipment witharvest
capacityless thanl,500 Ib ice/ 24 hourand the second with greater harvest capaC€itg
proposed IMHA-B efficiency levels would be constant between 800 and 1,500 Ib ibe(#4
Eachproposed IMHA-ExtendedB efficiency levelwould start aenenergy use that isqual to
that of one of IMHA-B efficiency levels. Its energy use would remain constant at this level

within its lower range of harvest capacity ratestwould follow the current DOE standard
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betweerthe harvest capacity for whicte constant level eglsthe current DOE standasshd
2,500 Ibice/24 hoursBeyond 2,500 Ib ice/24 hours, it woulemain constant from 2,500 to

4,000 Ib ice/24 hours.

d. Maximum Available Efficiency Equipment

For the NOPR analysis, DOE considered the raffgtient equipment wailable on the
market, known as maximum availalgguipmentin some caseshe maximum available
equipment uses technology options that DOE chose to screen out for its aki&yses. DOE
also identified maximum available equipment without screened techno(sgethe discussion
of the engineering analysis sactionlV.D.2.f). The technologies thaire used in some
maximum available equipment that were screened out intbuwdthermatmass evaporators and

tube evaporators fdratch type icenakers.

Efficiency levels for maximum available equipmenthebatch type icanaking
equipment classes are tabulated atleV.16. This information is based ddOE &6 s i cemaker
ratings databas@lso see data in chapter 3 of theROTSD). The efficiency levels are
represented as an energy use percentage reduction compared to the energy use of baseline

efficiency equipment, the selectiohwhich is discussed in sectiévi.D.2.a

Table IV .14 Efficiency Levels for Maximum Available Equipment in Batch Ice Maker
Equipment Classes

Equipment Class Energy Use Lower thanBaseline
IMH-W-SmallB 24.5%
IMH-W-Med-B 22.4%

7.5% (at 15001b icel24 hours)
IMH-W-Large B 8.3% (at 26001b icel24 hours)

IMH-A-SmallB 23.6%

20.7% (at 800b icel24 hours)
IMH-A-LargeB 21.3% (at 5500Ib ice24 hours)

RCU-SmallB 24.6%
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40.2% (at 15001b icel24 hours)
RCU-LargeB 26.7% (at 24001b iceR4 hours)
SCUW-SmaltB 22.5%
SCU-W-LargeB 27.6%
SCU-A-SmallB 35.8%
SCU-A-LargeB 29.6%*
* This is the second highest rated prodtivg highest rated produdt also a dispenser
unit.

Efficiency levels for maximum available equipment in tleatinuous type icenaking
equipment classes are tabulate@amlelV.15. This information is based on a survey of product
databases and manufacturer websites (also see data in chapter 3 of the TSD). The efficiency
levels are represented as an energy use pereergdgction compared to the energy use of
baselineefficiency equipment, the selection for which is discussed in se&tibn2.a. DOE
used the marmum available efficiency levels to calibrate its engineering analysis against current
equipment.

Table IV .15 Efficiency Levels for Maximum Available Equipment for Continuous Type Ice
Maker Equipment Classes

Equipment Class Energy Use Lower than Baseline
IMH-W-SmallC 16.5%
5 .
IMH -W-Large C 12.2% (at 10001b icel24 hours)

8.6% (at 18001b icel24 hours)

IMH-A-SmallC 25.3%

8.1% (at 820b icel24 hours)

IMH-A-LargeC 17.0% (at 55001b ice24 hours)
RCU-SmallC 18.4%
RCU-LargeC 18.5%
SCUW-SmallC 18.7%*
SCUW-LargeC No equipmenbn the market*
SCU-A-SmallC 24.4%
SCU-A-LargeC No equipmenbn the market*

*DOEOGs i ns pelygavailable equipmencevealedahattthere are no
available products in the defined S&J-LargeC and SCUA-Large C equipment
classes at this time.
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e. Maximum Technologically FeasiblEfficiency Levels

When DOE proposes to adopt (or not adopt) an amended or new eassgyvation
standard for a type or class of covered equipment such as automatic commercial ice makers, it
determines the maximum improvement in energy efficiency that is technologically feasible for
such equipmentJeed42 U.S.C. 6295(p)(1) and 6313(d)(Accordingly, in the preliminary
analysisDOEd et er mi ned the maxi mum 4 ecimggvémemgsincal |y
energy efficiencyor automatic commercial ice makensthe engineering analysis usiagergy
modeling andhe desigroptionsthatpassed the screening analysis part of the NOPR
analysisDOE modified its energy use analysis. In addition, DOE considered a different range of
design options. Evaluation of maximuethnological feasibilityvas again based on energy
modeling, but DOEompared energy modeling results with maximum available without
screened technologies to ensure consistency of results with actual designs at tt@ddevel.
chapter5 of the NOPR TSD for the results of the analyses, distl @ technologies included in

maxtech equipment.

Themaxtechefficiencylevels represent equipmembmbiring all of thedesign options.
However, theyare not generally attained by existing equiprdethis is largely due to the
consideration of design optiossldom used in commerdiaavailable equipment because they
are notconsidered to be cosffective by manufacturers, such as brushless DC motors and drain

water heat exchangeiBOE does not screen out design options based oreffestiveness

Tablelll .2 andTablelll .3 show the mastech levels determined in the engineering

analysis for Atch and continuous type automatic commercial ice makers, respectively.
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Table IV .16 Max-Tech Levels for Batch Automatic Commercial Ice Makers

Equipment Type * Energy Use Lower than Baseline
IMH-W-SmallB 30%
IMH-W-Med-B 22%

17% (at 1,500 Ib ice/24 hours)
IMH-W-LargeB 16% (at 2,600 Ib ice/24 hours)
IMH-A-SmaltB 33%

33% (at 800 Ib ice/24 hours)
IMH-A-Large 8 21% (at 1,500 Ib ice /24 hours)
RCU-SmallB Not analyzed

21% (at 1,500 Ib ice/2hours)
RCU-LargeB 21% (at 2.400 Ib ice/24 hours)
SCU-W-SmallB Not analyzed
SCUW-LargeB 35%
SCU-A-SmallB 41%
SCU-A-LargeB 36%

* IMH is ice-making head; RCU is remote condensing unit; SCU isceglfained

unit; W is watercooled A is air-cooled Small refers to the lowest harvest category;
Med refers to the Medium category (wataoled IMH only); Large refers to the larg
size category; RCU units were modeled as one with line losses used to distinguis

standards.

Table IV .17 Max-Tech Levels for Continuous Automatic Commercial Ice Makers

Equipment Type Energy Use Lower than Baseline
IMH -W-SmallC Not analyzed
IMH -W-LargeC Not analyzed
IMH-A-SmallC 25.3%
IMH-A-LargeC 17% (at 820 Ib ice/2hours)
RCU-SmallC Not analyzed
RCU-LargeC Not analyzed
SCUW-SmallC Not analyzed
SCUW-LargeC* No units available
SCU-A-SmallC 24%
SCU-A-LargeC* No units available

* DOE6s investigation of equi p mexisting o
products in either of these two equipment classes (as defined in this NOPR).

f. Comment Discussion

Impact of the Variability of Ice Hardness Measurements on Efficiency Levels for Continuous

Typelce MakerEquipment

Manitowoc noted that there ame industry standards for the calorimetric values of
differenttypse o f i ce and e assumptionsferdhese barimetbcQ&EuEs may
invalidate its analysis of manufactwsrpplied data. (Manitowoc, Public Meeting Transcript,

No. 42 at pp. B 52) Hoshizaki recommended that ice hardness have one standard that
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incorporates altontinuous type icenakerdata and added that DOE should readdress the
baseline focontinuous type icenaking equipmerda f t er t ask201R ige hartthBsk 0

verification testing into account. (Hoshizaki, No. 53 at p. 1)

Howe recommended that DOE supplement its datoatinuous type icenakers by
including results from tests using the current test procedure, adding that information on

continuous type icenakers has clmged drastically as of late. (Howe, No. 51 at p. 2)

DOE notes that some of these comments were made before AHRI had completed
verification testing work that is mentioned by Hoshizaki. DOE updated its database over the
course of 2012, as many of tbentiruous typeicena k er data i n AHRI 0s dat s
and hardness data was provided. D@Bprimarily usedthis data, supplemented by D@#st
data(including hardness test data evaluate thenergy consumptiooharacteristics of

continuous typece-makingequipmentnd to set efficiency levels

DOE notes that, consistent with Hoshizaki
continuous type icenakers use one metric that combines ice quality and energy usage.
addition,DOE has not proposedsa of theCanadiarefficiencylevels forcontinuous type ice
makers.The proposedféciency levels forcontinuous type icenakers are discussed in secton

IV.D.2.aandlV.D.2.h.

Correlation of Efficiency Levels with Design Options
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Manitowoc expressed confusion over the relationship between the efficiency levels and
the technology options that go into those efficiency levels. Therefore, Manitowoc requested that
DOE provide additional information to explain which technology optionsevessociated with

each efficiency level(Manitowoc, Public Meeting Transcript, No. 42 at p. 51)

Manitowoc pointed out that one of the S@W-cooled models used for the maxailable
efficiency level is actually a combined ice machine and hotel dispearsas such is not a
representative example of the SCU category, which generally consists of undercounter designs.
Manitowoc further stated thasilarger size would allothe modelo achieve higher efficiencies
than would normally be possible for thrajority of SCU aircooled models. Therefore,

Manitowoc commentedhis model should not be used to justify the ragailable efficiency

attainable for this category of ice makers. (Manitowoc, No. 54 at-[#). 2

I n response t o Ma n ingtloewetatonskip of desigmeptiansande g ar d i
efficiency levelsDOE provided additional information in the automatic commercial ice maker
docket, as a supportiremdrelated material documéf{DOE, Preliminary Analysis
Presentatiotsupplementary Engineeririgata No. 43).The datan this documenteflects the
preliminaryengineeringanalysis For the NOPR analysidhé relationship between design
options and efficiency levels has changed due to changes nmihaediesign options considered,
assumptionsand analysis approach. The new information is detailedationslV.D.4.a(cost

modeladjustments) antV/.D.4.f (energy model adjustments) andiwe NOPR TSxhapter 5

3 Seewww.regulations.gov/#!documentDetail: D=EERB10BT-STD-00370043 After the February 2012
preliminary analysis public meeting, DOE published affitiency curves showing the relationship of efficiency
levels to design options for each directly analyzed equipment class.
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DOE notes that Manitowoc is correct in its observation that one of theavagbable
SCUmodelsfrom the preliminary analss is not representative of the undercounter units that
make up the majority of the SCU category. DOE had intended to avoid inclusion of oversize
SCUmodelsthat are not suitable for undercounter design in its establishment of maximum
technology for SCUeuipment classes. DOE has reviewed the maximum technology
designations and hasmovael all ice makerdispenser combinations froconsideration irits

analysis.

RCU Class Efficiency Level Differential

In its preliminary engineering analysis, DOE conclutteat the 0.2 kWh per 100 Ib ice
differential in maximum allowable energy use fargesizedbatch RCU ice makers with remote
compressors as compared with those with compressors in thralkdeg heads is appropriate
both for batch andontinuous type icenakers (DOE, Preliminary Analysi®ublic Meeting

Presentation, N&9 at p. 30)DOE requested comment oniglconclusion

Manitowoc confirmed that the 0.2 kWh per 1B®f ice difference in energy use
between these two classes of RCUs seemed valithahd was reasonable to continue using
this value while developing the new standards. (Manitowoc, Public Meeting Transcript, No. 42
at p. 44 and No. 54 at p. @A IOUs stated thats analysis of product data indicates that RCUs
with and without dedidad remote compressors do not consume significantly different levels of

energy.CA 10Us thus suggested that DOE continue to look at product performance data and
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customer utility in order to determine whether sepaggtepment clags and efficiency levels

are necessary for these two types of RCU u(@# I0Us, No. 56 at p. 2)

Consistent with the comment from Manitowoc, DOE plans to continue using this

differentialof 0.2 kWh per 10@b of ice to differentiate between RCUs with and without remote

compresors.

BatchEfficiency Levels for HighCapacitylce Maker

DOE has established baselered incrementafficiency levels for largeapacity ice

makers in the newlgxtended capacityetween 500 and 400 Ibice/24 hours

AHRI noted that the current efficiency standard for higipacity batch machines was
established based on the performance of ice makers available in the marketplace and that
extending this efficiency level to ice makers with capacities exceeding [b,%¥24 hoursnay
not be appropriate. AHRI recommended that DOE either select and analyze products in this
capacity range or refrain from regulating these products if there are not actually enough high

capacity batch machines available for DOE to analyzdRIANo. 49 at pp. 34)

Manitowoc stated that efficiency curves are typically flat for icemakers with capacities
above 2,000 to 2,500 ice/24 hourand noted that this phenomenon is driven mainlyréyds
in compressor efficiencies, which have decmeg&fficiency gains above a certain size.
Additionally, Manitowoc commented that it tends to use multiple evaporators fordapgeity

machines, rather than making new evaporators for every size, so its overall evaporator
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performance also does not impeosignificantly over a certain size. (Manitowoc, Public Meeting

Transcript, No. 42 at pp. 449)

However, Manitowoc also commented that DOE did not adequately analyze the
efficiency of ice machines in the 2,000 to 4,000 Ib ice/24 hour capacity fdagéowoc
suggested that it is likely that, above a certain capacity, DOE will find that the relative benefit of
some design options to be lower due to the relatively higher efficiency of the baseline

components already in use. (Manitowoc, No. 54 at p. 3)

Howe commented that most higlapacity ice makers are inherently more efficient than
their lowercapacity counterparts and thus cannot be expected to achieve the same incremental
efficiency gains. Howe added that, if incremental efficiency gains do indegdigaificantly

by harvest capacity, equipment class definitions may need to change. (Howe, No. 5% 3} pp. 2

Hoshizakirecommended that DOE make equipment plots for-bagacity batch models

in order to compare existing models against the proposed efficiency levels. (Hoshizaki, No. 53 at

p. 2)

Hoshizaki commented that DOE needs to analyze the available data forilalé G U
models rather than just relying on software assumptions to inform its analysis. Hoshizaki added
that there is not enough data available for DOE to adequately assesaagity (>2,500 Ib
ice/24 hours) RCU energy use and recommended that mamefacprovide input to DOE

regarding these higbapacity units. (Hoshizaki, No. 53 at p. 1)
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In response to AHRI, DOE reiterates thatréhisprecedenefor setting standards for
capacity ranges for whiakguipment is1ot being soldincludingwhenDOE aoptedstandards
for air-cooled IMH cubdypeice makers up to 2,500 ice/24 hourseven though no such
equipment isnanufactured with capacities above 1,85@&e/24 hoursDOE simply is
extending the capacity range of the standard for consistencyhsitipplicability of the test
procedureDOE notes that it has proposed efficiency levels for the larger ice makers that, to the
extent possible, do not change as a function
that largercapacity ice machas would have comparable efficiency level as compared with
lowerc apacity machines, and Ho-vapadityicecnachimsaré s S U g C
inherently more efficient. Hence, the constant energy use efficiency level would be appropriate.
The commaters didnot highlight any other specific factors that would suggest that the constant
energy use approach is inapproprigeamination othe limitedavailabledata showing rated
energy use as a function of harvest capacity certainly supports thedpmeen though there is

much less data to consider that at the lower capacity levels.

I n response to Mani t owo c basch tgpe icemekerstinthee gar di
2,000 to 4,000b ice/24 hourdharvest capacity range, DOE notes thaas conducted analysis
for threeof these producés given the limited number of such products available, this likely
represents a greater percentage of the available products than DOE evaluatedhetriaser
capacityrates Because, as mentioned by Mamibc, efficiency characteristics of the
components of ice makers such as compressors and evaporators no longer improve as capacity

increases, it is reasonable to expect that ice maker efficiency will also remain constant at high
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harvestcapacity rates-orthis reason, it is appropriate to represent performance of the full
harvest capacity range with the available ice makers of the highest harvest capacities, as DOE

has done.

I n response to Howeds comment, DOE has not
constankilowatt-hours perl00 Ib ice levels across the harvest capacity range. Instead, DOE has
considered reductions in energy use in terms of percentages of baseline energy use. Hence, the
energy use reductions associated with the incremental efficienels would be significantly
less for a largdnarvestcapacity ice maker with an already inherently low energy use than it
would for a lowetharvestcapacity ice makefurther, if the largecapacity ice makers are
inherently more efficient, as Howeant ends, DOEOGsSs approach using e

vary with capacity should not be overly aggressieesetting efficiency levels too stringently.

With respect to Hoshizaki s recommendati on
DOE has eviewed energy use data for all products for which such data is available. The
maximum efficiency levels considered in the analysis are not generally attained by existing
equipmend this is largely due to the consideration of design options often consiuarés be
costeffective by manufacturers, such as brushless DC motors and drain water heat exchangers
However, DOB s a n a | yarpaedvelkts thelmaxsmum available without screened

technologies efficiency level

In response to the second conminigom Hoshizaki, DOE notes that the analysis for high

capacity units considered several pieces of information, including available performance rating
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data of the AHRI database and confidential interviews with manufacturers. A significant amount
of the irformation obtained from manufacturers in confidential interviews was obtained during
the NOPR phase, in part in response to preliminary analysis phase comments, such as the
Hoshizaki comment, recommending some information exchange. In addition, DOE pdrchas
and conducted reverse engineering on the laxggscity batch andontinuous type icenakers

made by the manufacturers that comprise 90 percent or greater share of the ice maker market.
DOE also conducted energy testing on a few of these ice mak@EsbBlieves that its analysis

of RCU equipment is representative of the lacgpacity equipment classes. Additional

information on the teardown analysis is available in chapter 5 of the NOPR TSD.

Discrepancies between Maximum Technology Levels andtMfficient EquipmentAvailable

in the Marketplace

NPCC ASAP,andNEEA/NPCCcommented othemaxtech efficiency leveléi.e., least
energy consumptive levedndthat in some casespjaxtech levelsvere less efficienthan the
mostefficient level on thenarketplacei(e., fimax-av a i | enérdylewel) NPCC further
commented thaDOE should indicate whether this discrepancy is due to technologies that were
screened ouNEEA/NPCC pointed to products inNmtural Resources CanaéRCar)
database that suaped DOE's maxtech levels(NPCC, Public Meeting Transcript, No. 42 at pp.
45- 46, ASAP, Public Meeting Transcript, No. 42 at p; NEEEA/NPCC, No. 50 at pp-2)

NPCC also recommended that DOE investigate whether there are superior technologies on the
market thatverenot being analyzed simply because of the way-teah is defined. NPCC
added that the process by which design options are screened out shouiddmtilverate.

(NPCC, Public Meeting Transcript, No. 42 at pp- 53)
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Scotsman noted that, even within a single equipment class, maximum technology levels
will differ among models. For example, although DOE is considering compressor upgrade as a
design ofion, many ice maker units are already using the +aefistient compressor suitable to
their respective applications. Scotsman added thatrthlyticalmodel used tealculate energy
use formaxtech leveldhadnot been validated andasthus unreliable(Scotsman, No. 46 at p.

4)

DOE acknowledges that there are units on the market that stipasaxtech levelst
proposed for the preliminary analysis some casesiaxmum availableefficiencyunitsinclude
technologies that DORaddecided not to cader.For example, some metech units utilize
proprietary technologies that are not available to the majority of manufaciacergere
screened out in the screeninganalyBissre t o t hese di ftecheeffi@ency e s , DOEZC
levelsdid not always exaed the masavailable levels found on the markBecause they are
representativeft he whol e ma rtécllevels niug ke snto acaaunt issues with
proprietary technologies as well as utility issues stemming from certain technologies (such as

chassis size increases or ice cube shapes).

In the NOPR phas®®OE made several changes to the preliminary analiisese
changes included:
adding a design option to allow for growth of the unitrtorease the size tfie condenser and/or

evaporatoyr
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adjustingassumptions regardimgaximumcompressor EER levels based on additional research
and confidential input from manufacturgrs

adjustingpotablewater consumption rates for batigipeice makers subject to a floor that
represents the lowest potable water consumption rate that would be expected to flush out
dissolved solid reliabty

adding a design option to allow condenser growth in waieled condenserand

addinga drain water het exchanger design option

Thesechangehave led tonew maxtech levelsThese levels are compared to thest
efficientlevelsavailable on the markét TablelV.18. The levels are also compared with the
mostefficient levels available that do not usehnologieshatDOE screened out in the
screeni ng an a hvgilablesithoutsareehde e c i ma bSpegificaly, fr)
batch typace makers, the differences between these two max available market levels are that the
max using analyzed technologies levels do not consider (ahennatmass evaporators, and
(b) tube ice evaporator§henewmaxt e c h | e v el smaa availblewiticoate d t he
screened technologies e f f i ¢ i BOE@lgo nbtes that this discrepancy only existed for
batch units, aBOE did not screen out any continuous unit technologies in its engineering

analysis

DOE considered matech and mavavailable leels as part of its analysiShe maxtech
levels for batch andontinuous type icenakers areliscussed igectionlV.D.2.e. In addition to
comparngthe maxtech fimost efficient on markef  a n dhaxtavaiéabldiwithout screened

technologies efficiency leveldor batch type icenakers TablelV.18 provides brief
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explanatios for thedifferencesdbetween masavailable and matech levelsMore details
regarding the design options that correlate with the different efficiency levelsoardqat in the
NOPR TSDDOE requests comments thremaxt ech | evel s i denthefi ed
max available anchax available without screened technolodge®ls, and the reasons cited for

the max tech/max available differences

Table IV .18 Comparison of Levels for Batch Automatic Commercial Ice Makers
Avl\gﬁ;l;le Reason fpr Gap between
Equipment Class Max-Tech without ng- ng-AvallgbIe and Max
Level S Available Available without Screened
creened T ]
; echnologies
Technologies
IMH-W-SmallB 30% 22.0% 24.5% Proprietary technology
IMH-W-Med-B 22% 15.7% 22.4% Proprietary technology
16% (at 2600 Proprietary technologgnd
IMH-W-LargeB Ib icel24 8.3% 22.5% utility issues
hours)
IMH-A-SmallB 33% 23.6% 23.6% No gap
33% (at 80db
icef24 hours)
IMH-A-LargeB 21% (at 1500 20.7% 21.3% proprietary technology
Ib icel4
hours)
RCU-NRC-SmaltB Not analyzed 24.6% 24.6% No gap
21% (at 1500 Proprietary technologgand
Ib icel24 utility issues
hours)
RCU-NRC-LargeB 21% (at 2400 15.7% 40.2%
Ib icel4
hours)
RCU-RC-Smaltg | Notdirectly 19.0% 19.0% No gap
analyzed
RCU-RC-LargeB Not directly 15.1% 15.1% No gap
analyzed
SCU-W-SmaltB Not directly 22.2% 22.5% Proprietarytechnology
analyzed
SCU-W-LargeB 35% 27.6% 32.9% Proprietary technology
SCU-A-SmallB 41% 27.4% 35.8% Proprietary technology
SCU-A-LargeB 36% 29.6% 33.4% Proprietary technology

Baseline Efficiency Level®r Currently Unrequlated Ice Makers

For continuous and higbapacitybatch type icenakers, AHRI recommended that DOE

derive its baseline efficiency levels from machines that are currently on the market, for which
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AHRI's new directory of certified products could be a useful information soAtdRI
cautioned, however, that its certification prognaasnew and that iexpectedhe data to

change aftecompletion of it2012 tesprogram (AHRI, No. 49 at p. 3)

Manitowoc asserted thawvhile EPACT 2005 is the correct baseline efficiency |del
batch equipmentontinuous type icenachines do not have sufficient history under any
alternative certification programs and therefore require careful review and analysis by DOE prior

to setting efficiency levels. (Manitowoc, No. 54 at p. 3)

Hoshiz&i asserted that DOE should not use Canadian levetofdimuous type ice
makers and instead suggested that DOE use efficiency levels developed for machines that are

currently on the market. (Hoshizaki, No. 53 at p. 1)

In the preliminary analysj$OE poposed a set aquations to represebaseline
efficiency leveldor the 12 continuousquipment class. 77 FR 3408Jan. 24, 2012)The
equationsveredevelopedased on publicly available informationadntinuous type icenaker
energy use for produsbn the markefAs there was no source of ice qualigtafor most of
these product® allow calculation of the energy use consistent with the new test procedure,
which calls for adjustment of the rating to account for ice hard DE3E made these adjtments
using ice hardness equal to 0.85riaggetice makers and 0.8 félake ice makerg-urther

details of this analysis are available in the preliminary analysis TSD.
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DOE revised itglevelopment ofontinuous type icenaker efficiency levels for the
NOPR, based odata forcontinuous type icenachines thawvasavailable on the AHRI database
websiteas of October 11, 201Zhe databaseow containsratings forice quality, which DOE
incorporated into its analysiB.OE6 s anal yses consider higher ma
available levels, as represented by the AHRI data, because the analysis considetsesige of
options, such as highefficiencypermanenmagnetmotors, which are not used in the majority
of existingice makerdDOEGs continuous baseline | evels for

TablelV.11.

DOE has taken advantage of the new inforamafor continuous type icenakers that has

become available on the AHRI website to suppoietsection of efficiency levels fahese

equipment classes.

General Methodology

Howe asked that DOE further clarify the methodology it used to establisteeréfycand
technology levels, especially for equipment classes in which there are few models available.
Howe also asked whether DOE considered the refrigerating conditions used to produce ice or the

typical efficiency levels associated with the refrigeraggstem. (Howe, No. 51 at p. 3)

DOE does not have sufficient resources to thoroughly analyze all equipment classes.
Hence, the analyses for some classes are used to represent otherTdiessealysis prioritized
those classes for which shipments areritbmber of models available are highe energy

model used to support the analysis, which is described in the NOPR TSD, considers the
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refrigerating conditions used to produce ice and the capacity and power inpuedfthes p ment 0 s

refrigerant compressovghen operating at these conditions.

3. Design Options

After conducting the screening analysis and removing from consideration the
technologies described above, DOE included the remaining technologies as design options in the
NOPR engineering analysis. Thesehnologies are listed ifablelV .19, with indication of the

equipment classes to which they apply.

Table IV .19 Design Options by Equipment Class

o n
g 3 s | .
g S | .5 = |8
Ice Maker | Equipment | 5 L £ £ Qo % g % T
Type Class a @ IS s} =0 = > 209
" Sglg,| 2| 2 f£|Z5 | T |9 g8
S8 | 335 o 5 33 | @ < @ g8
Eo| cl S <) o c 2o 2 o ‘B C
[oRy=1 o9 S =] G O G O @ © = X
OD | O= o < -4 0O -4 0O m — [ay i
IMH-W-B a a a a a a
IMH-A-B a a a a a a a
Batch RCU-B a a a a a a a
SCUW-B a a a a a a
SCU-A-B a a a a a a a
IMH-W-C Not Analyzed
_ IMH-A-C a | a | | a | a | | | & |
Continuous [ RCU-C Not Analyzed
SCUW-C Not Analyzed
SCUA-C a | a | | a | a | | | & |
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a.Improved Condenser Performance in Batch Equipment
During the preliminary analysi®OE considered size increase for the condenser to
reduce condensing temperature and compressor power input. DOE requested comment on use of

this design option anan the difficulty of implementing it in ice makers with size constraints.

AHRI commented that most condensers are already optimized and occasionally
oversized; therefore, further increasing condenser area would not have any efficiency benefits

and could instad necessitate increased cabinet size. (AHRI, No. 49 at p. 2)

Manitowoc commented that the outdoor condensers of RCUs can more easily
accommodate size increases than the condensers incorporated into IMH equipment. However,
Manitowoc also noted that increasing the size of the condenser coil in order to improve
efficiency would necessitate an increased level of refrigekdauitowoc stated thahis could
require the installation of a Iger receiver in the iemaking head, which may be difficult due to

size constraints. (ManitowoPublic Meeting TranscripiNo. 42 atp. 59)

Manitowoc added that increasing the size of the condenser while maintaining a constant
evaporator size can also interfere with the ability of the ice machine to properly make ice over
the full range of ambient conditionglanitowoc stated thddOEG analysis is only concerned
with performance at 9TF air/70°F water testing conditions, but that real ice makers have to
work in air temperatures ranging from 50 to 2ECand water temperatures from 40 to°B0As
air temperature dropdJanitowoc sated,unless special refrigerant management devices are

employed, a larger condenser will be forced to store more refrigerant at a lower temperature.
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This will preventbatch type icenachines from being able to harvest ice at low ambient
temperaturesaccading to Manitowoc (Manitowoc, No. 54 at p. Zimilarly, Scotsman
commentedhat increasing the efficiency of the freeze cycle will lengthen the harvest process
and minimize overall energy savings. (Scotsman, Public Meeting Transcript, No. 42 at pp. 59
60) Scot sman asanaysidoécdndenseasurfad® @Eadmust include this impact on

the batch harvest cycle. (Scotsman, No. 46 at p. 3)

Hoshizaki commented that manufacturers would need more time to evaluate the
implications of using larger watcooled condensers on a clodedp system. Although larger
condensers would increase the efficiency of heat transfer, Hoshizaki opined that this benefit must
be compared with the increased final cost to the consumer as well as the potential need to

increase cabinet size. (Hoshizaki, No. 53 at p. 2)

Il n response to Mani t ovhascansiderad data dbtaimd c o mme n t
through testing of waterooled units, as well as data provided by manufacturers on expected

efficiency increases versus conderg@wths.

DOE notes that the key concerns expressed
potential need to increase cabinet size and the concern about whether the larger condenser (and
perhaps cabinet} costjustified. As discussed in sectitvi.C.d, DOE has considereaimodest
size increase for the igmaking head for some ice maker equipment classes. Answering the

guestion of whether calenser size increase within these modest allowances for cabinet size
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increase is cogffective is a key goal of the DOE analy@dbe potential that the approach is

not costeffective is not a relevant argument for screening out this technology.

Inresmnse to Scotsman and ManitowocoO0s writter
assess the correlation loditch type icenaker efficiency level with condensing temperature and
has used thisiformation, which accounts for the increase in harvest energy usgasd with
lower condensing temperatute,adjust its analyseBDOE testedh watercooled batch unit using
different watesflow settings; the results are shownTiablelV.20. DOE notes that these test
results indicate that there are energy benefits from increasing condenser area, even though
harvest cycle energy use increases. The results show that the increase in harvest cycle energy use
represents loss ofl5 percent of the gain that would have been achieved if harvest energy use
had not increase@OE used these test results to adjust the modeled harvest energy when
condenseimprovement such as size increasesapplied as a design optiofheseanalyses are

described irchapter 5 of the NOPR TSD.

Table IV .20 Condenser Water Test Results

Test Setting 1
Test Attribute (factory- Test Setting 2 | Test Setting 3
setting)
CondensmogFremperature 97 107 111
Ice Harvest Rate
Ib ice/24 hours 375 361 355
Energy Consumption
KWIV100 Ib ice 4.67 5.13 5.28
Average Harvest Time (s 104 81 73
Average I-\;\?rr]vest Energy 212 179 170
Average Harvest Energy
per Ice 0.53 0.44 0.42
kWh/100 Ib
Percent of Savings Lost
due toHarvest Energy 15% 12% N/A
Increase
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DOE inspected baseline and higfficiency units, including condenser sizes typical of
each. For equipment classes for which DOE inspecteddifgitiencyunits, DOE considered
maximum ondenser sizes consistent with the inspected units. For equipment classes where DOE
did not have such information, DOE considered maximum condenser sizes consistent with the
range of chassis sizes of commercially available equipment of the given cldss eexst
capacity, DOE notes that none of the evaluated IMH or SCU equipment has rec#ivesrs
indicating that they would not be needed for the range of condenseD§iEeconsidered in its
analysis for these equipment clas$#SE also considered whethe larger remote condenser
would require installation of a larger receivand talked with receiver manufacturers about

receiver sizingDOE did not seek to increase receiver sizes for any of the models analyzed.

In response to comments by AHRI addnitowoc, DOE studied the condensing
temperatures of tested units to set limits for available efficiency improvement. DOE in its
analyses considered only condenser changes that resulted in condensing temperatures within the
range of those observed in tiested ice makers for comparable equipment classes (for instance
DOE used different minimum condensing temperatures faraalted and watecooled

equipment). These analyses are described in chapter 5 of the NOPR TSD.

b. Harvest Capacity Oversizing

NPCC noed that many ice makers may be oversized for their particular applications,
suggesting that there would be little compromise of customer utility if the capacity available for
a given ice maker chassis size decreased as a result of design changessdisad their

efficiency. (NPCC, Public Meeting Transcript, No. 42 at pp.a\)
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Manitowoc countered that its customers are very aware of how much ice they need and
that they consequently size machines for peak demand days, rather than average use. Manitowoc
added that it is very important that customers not shut down on days with high demand, such as

the 4th of July. (Manitowodublic Meeting TranscripiNo. 42 at p. 63)

DOE did not investigate potential dovgizing of equipmeninstead relying on
information regardingcommerciallyavailable units as the basis for consideration of what sizes

are acceptable for given capacity levels.

c. OpenLoop Condensing Water Designs

Openloop cooling systems use condenser cooling water only once before disposing of it,
whereas closetbop (singlepass) systems repeatedly recirculate cooling water. In closed loops,
the water is cooled in a cooling tower aedirculatedo accept heat from the automatic
commercial ice maker condenser again. Alternatively, the water ghssegh another heat
exchanger where the heat is removed and used in another piece of equipment, such as a space or
water heater, before cycling back to the ice maker condenser. Although some condenser water
may still be lost to evaporation in cooling taweclosedoop systems still have negligible

condenser water disposal or consumption compared telopprsystems.

The Alliance expressed strong opposition to ejp@p condenser water cooling for
automatic commercial ice makers, arguing that such tdobn is obsolete and excessively

wastes water and energy. The Alliance noted that more eeréfiggnt technologies such as air
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cooling, remote condensing, and closeop watercooling systems have made singkess water
cooling unnecessary. Therefotiee Alliance urged DOE to disallow all ice makers that can be

installed and operated with a singlass cooling system. (Alliance, No. 45 at $p4)

DOE recognizes that opdoop watercooling systems use significantly more water than
other condenser cbog technologies. However, DOE determined after the Framework public
meeting that its rulemaking authority extends only to the manufacturing of equipment and not to
the installation or usage of equipment. Thus, DOE has no authority to mandaligathest
watercooled machine@hose that can be used in either clek@Ep or operoop configurations)
be used with closelbop systems. Furthermore, DOE is not aware of any potential design
requirements it could impose that would effectively prohibit elpep cooling systems for
watercooled ice makers. Even if a design requirement could be effective in this regardaDOE
only adopt either a prescriptive design requirement or a performance standard for commercial
equipment(42 U.S.C. 6311(18)yhe focus othis rulemaking is an equipment performance
standard. Due to the nature of this rulemaking, DOE is not considering any prescriptive design
requirements, and op¢oop cooling systems therefore remain a viable option for manufacturers

of watercooled ice mkers who want to reduce their water consumption.

d. Condenser Water Flow
EPACT 2005 prescribes maximum condenser water use levels foragated cubeype

automatic commercial ice makers. (42 U.S.C. 6313{&pr units not currently covered by the

% The table in 42 U.S.C. 6313(d)(1) states maximum energy and condensenseage limits for cubéype ice
machines producing between 50 and 2,500 Ib of ice per 24 hour period (Ib ice/24 hours). A footnote to the table
states explicitly the water limits are for water used in the condenser and not potable water used to make ice.
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standad (continuous machines of all harvest ratest@atdhmachines with harvest rates

exceeding 2,50 icel24 hours), there currently are no limits on condenser water use.

In this rulemaking, DOE consideatusing higher condenser water flow raéssa design

optionfor watercooledice makers.

In chapter 2 of th@reliminaryTSD, DOEindicated that the ice maker standards
primarily focus on energy use, and that DOE is not bound by EPCA to comprehensively evaluate
and propose reductions in the nmaMm condenser water consumption levels, and likewise has
the option to allow increases in condenser water use, if this is-aféasive way to improve

energy efficiency.

DOE did not analyze potential changes in condenser water use standards @uring th
preliminary analysis. However, it dgtopose an approach for balancing energy use and
condenser water use in the engineering analys
on energy use reduction while appropriately considering the cost itnptisaf changing
condenser water use. DOE proposed using appropriate representative values for water and
energy costs, product lifetime, and discount rates to calculate a representative LCC for baseline
and modified design configurations as part of thgireeering analysis. In this way, the
engineering analysis would develop a relationship between energy efficiency and manufacturing
cost as is customary in engineering analyses the costfficiency curves), but the ordering of
different design configations in this curve would be based on minimizing the representative
LCC calculated for the candidate design configurations at each successive efficiendysieng!.

this proposed analytical approach, an ene@ying increase in condenser water use abel
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expected to be cosfffective when the remaining design opsomhich do not change water use
havegreater.CC increass thantheoption ofincreagng condenser water use. This approach
would avoid the complexity of developing several cost curvyaesenting multiple condenser
water use levels and determining in the downstream analyses the efficiency levels at which
increasing condenser water use would be appropBating the preliminary analysi§OE

requested comment on this approach for adéigcondenser water use

AHRI commented that waterooled ice makers are already efficient products and that
reducing condenser water consumption could significantly increase their energy use. AHRI and
Scotsman both cautioned that DOE must considemntpadt that lower condensing temperatures
could have on the harvest ratebattch type icenakers and ensure that product utility is not
diminished by implementing new condenser water use standards. (AHRI, No. 49 at p. 4

Scotsman, Public Meetingranscript, No. 42 at p. 70)

In the public meeting discussions, Manitowoc suggested that DOE consider decreasing
the allowable condenser water use, which could be a more economical approach if water costs
increase. (Manitowoc, Public Meeting Transcriyb, 42 at pp. 7072) However, Manitowoc
also noted in its written comments that condenser water use is carefully managed to ensure that
ice makers can harvest ice under waste conditions and maintain water velocities within
specified limitsinordertavoi d er osi on. Manitowoc expressed
energy model to accurately predict the effects of these variallégor this reasorManitowoc

strongly discouraged introducing condenser water use standards. (Manitowoc, No. 534 4j pp.
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DOE st at ed tdaakslidiigprowsiorsin saatian B25(0)(1), which lists
specific products for which DOE is forbidden from prescribing amended standards that increase
the maximum allowable water use, does not include ice makers. Holtevinustice asserted
that DOE lacks the authority to relax condenser water limits for wat@ed ice makers.
Earthjustice argued that the failure of section 325(0)(1) to specifically call outicer
condenser water use as a metric that is subjecttce st at ut eds prohi bition
of a standard is not determinative. On the contrary, Earthjustice maintained that the plain
language of EPCA shows that Congress intended to apply tAgaaksliding provision to ice
makers Earthjustice ommented thatestion 342(d)(4) requirdSOE to adopt standards for iZe
makers fAat the maxi mum | evel that is technica
in [section (RUBCo6813(d)@ Harttfjustice stated that, by redacing all of
section 325(0), the statute pulls in each of the distinct provisions of that subsection, including,
among other things, the adtacksliding provision, the statutory factors governing economic
justification, and the prohibition on adoptingtandard that eliminates certain performance
characteristics. By applying all of section 325(0) titakers, section 342(d)(4) had already
made the andpacksliding provision applicable to condenser water aseording to Earthjustc
Finally, Earthjistice stated that even if DOE concludes that the plain language of EPCA is not
clear on this point, the only reasonable interpretation is that Congress did not intend to grant
DOE the authority to relax the condenser water use standards fmoakess Eaithjustice added
thattheantb ac ksl i di ng provision is one of EPCAGs m
and water efficiency of appliances and commercial equipment, and Congress would presumably
speak clearly if it intended to withhold its applicatito a specific product. (Earthjustice, No. 47

atpp. 45)
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Scotsman commented that balancing condenser water use with energy use was a
reasonable analytical approach. (Scotsman, No. 46 at p. 3) Scotsman added that including
condenser water usage in theerall energy use of a machine would also imgactinuous type

ice machines by affecting ice hardness. (Scotsman, Public Meeting Transcript, dp. ZD)

The Alliance argued that water use and energy use cannot be compared on a simple price
basis beause of key differences between the two resources. While energy comes from multiple
sources and is a commodity whose prices fluctuate based on supply and demand, fresh water is
in limited supply the Alliance statedHence, water prices are heavily regethand based on the
cost of treatment and delivery, which is less directly affected by supply and deanaodling
to the Alliance Therefore, the Alliance recommended that DOE consider the marginal costs of
alternative water sources, such as desalinatioits analyses to properly account for all water

costs as applied to wateooled condensers. (Alliance, No. 45 at p. 4)

I n response to Earthjusticeds comment, DOE
analysis that the anbiacksliding provisia of EPCA (42 U.S.C. 6313(d)(4)) ésnot apply to
condenser water use limtchtypeautomatic commercial ice makeWwhileEP CA6s ant i
backsliding provision42 U.S.C. 6295(9)applies to consumer products, 42 U.S.C. 63138}d)(
makes the backsliding provision applicabl@tiomatic commercial ice makekowever,42
U.S.C. Sec. 6295(0)(1) aritacksliding provisions apply to water in only a limited set of
residential appliances and f itheSacreteysmayrddinder 42

prescribe any amended standard which increases the maximum allowable energy use, or, in the
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case of showerheads, faucets, water closets, or urinals, water use, or decreases the minimum
required energy efficiency, of a covered produdthis provisionlinks automatic commercial

ice makergo theenergy efficiencyanti-backsliding provisioras a covered prodyenddoes not
includeautomatic commercial ice makeamong theproducts covered biyewater efficiency
antibacksliding prowsion. Thus, his section of EPCAprohibits DOE from amending any

standard in such a way as to decrease minimum energy efficiency for any Guveradtic
commercial ice maker equipment classloes nathoweverprohibit an increase in water use in
anyproducts other than those enumerated in the statoteothing in 6313(d)(4) expands the
specific list of equipment or appliances to which the waterlaatksliding appliesTherefore,

an increase in condenser water use would not be considered bagksiider the statute.

Nevertheless, the proposals do not include incegassndenser water use.

Noting that condenser water standards are already in place fortyjadalbe makers,
DOE has decided to consider an increase in condenser water usesigs apigon to improve
energy efficiencyor all watercooled ice makerg\cknowledging the concerns of stakeholders
such as AHRI, Manitowoc, and Scotsman, DOE recognizes that such an approach must consider
the costeffectiveness of this design option based onthevesde r 6 s wat er cost. DC
believe that the contemplatehanges would diminish product utility, because an increase in the
maximum allowed condenser water use would increase the flexibility of manufacturers to meet
the condenser water use standard. Manufacturers would obviously not be required to increase
cordenser water use, especially if such a design decision would negatively impact the energy use

or harvest rate of their ice makers.
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I n response to ManitowocO0s observation tha
specified limits in order to avoid @sion, DOE conducted an analysis to determine whether
current levels of water use in waisyoled condensers are close to exceeding these limits. DOE
has learned from manufacturers of wateoled condensers that water flow rates generally
should not excek3.5gallons per minut@er nominal ton of condenser cooling capagifym
pertonf>DOE&6s analysis of test data for batch mac
water flow rate occurs shortly after harvest, and that there is some room for increase of
condenser water flow rate withetl8.5 gpm per tohimit. DOE considered some increase of
condenser water flow for battype units that did not already operate at this limit at the start of
the freeze cycldUnlike batch type icenakers whose condensérads spike shortly after the
harvest cyclegontinuous type icenakerstypically operate in steady t at e . DOEOGs testi
that flow rates ircontinuous type icenakersare therefore far from the maximum levels
recommended to prevent erosiélowever,DOE notes that it did not perform direct analysis on

any watercooled continuousquipment clags.

As the manufacturers and AHRI point out, DOE must be careful in the analysis of
condenser water to ensure that the complex relationship between condsesema machine
energy usage are modeled correctly. However, balancing energy use and condenser water use
following the approach outlined above greatly simplifies an otherwise highly complex, three
dimensional analysis of design options, condenser watelewels, and efficiency. This analysis
approach helpd DOE determine whether increasing condenser water limitklcost

effectivelysave electricity.

% Personal communication wiffiyush Desaiit Packless Industries on May 16, 2012
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DOE tested three waterooled ice makers with varying condensing water flow to
evaluate the potentiéor energy savings and the castectivenes®f using this approacfi he
results of this evaluation forkaatch type icenakerare shown imablelV.21. The analysis
assumed that in the field half of the ice makers would be used in open systems and half in
closedloop systems, which significantly reduce water flas documented in chapteobthe

NOPR TSD

Table IV .21 Test Data for a WaterCooled Batch Unit

Condensing Temperatufé 97 107 111
Har"%ﬁa‘:iw 375 361 355
E”erfvﬁﬁg’gg‘jg‘pﬂon 4.67 5.13 5.28
Lcc 2flec)rgtligg Cost $1.75 $1.38 $1.32
Condggl_ﬁf&\)’vlster Use 165.4 106.5 94.1

Theanalysisshows thaincreagng condenser watdtow is not a coseffectiveway to
reduce energy use. This was demonstrated also foawtheontinuougype icemakersthat were
tested As a result, DOE did not comprehensively evaluate this approach for altcoated
equipment classes in its engineering analysiglitional details are available in chapter 5 of the

NOPR TSD.

e. Compressors

Scotsman comnmted that the higlfieER compressors in D@&analysis may not be
feasible for ice makerparticularlybatch type icenakers, in which liquid refrigerant can often
enter the compressor duritfte harvest process. Scotsman notedthieatiesign changes usey

compressor manufacturers to imprds€R can reduce reliability, for instangéacing the
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compressor suction line closer to the suction intake within the shell, which can cause liquid

refrigerant to impinge on the suction valve during harvestapidly lead to compressor failure.
(Scotsman, No. 46 at p. Manitowoce c hoed Scot smands seadoentd poi nt
suction compressor would allow liquid to enter the compressor cylindefaanagehe valve

system. (Manitowoc, No. 54 at p). 2

In response to these comments, DOE consulted with manufacturers regarding which
compressorareappropriatdor ice makersDOE removed from its analysis those compressors
that manufacturers have indicated are unsuitable for use in ice mak@art d the NOPR
analysesDOE also considereatditional compressod compressor lines that manufacturers
indicated are acceptablBhe impacbf these changes in the analysisthepredictedpotential
efficiency improvemenassociated with use of highefficiencycompressorsaried by

equipment clas®dditional details are available in chapter 5 of the NOPR TSD.

f. Limitations on Available Design Options

Manitowoc commented that the small size of the ice maker industry makes it difficult for
ice makemanufacturers to implement new technologies or influence the compengnt (
compressor or motor) suppliers that they depend on for efficiency gains. Manitowoc noted that,
compared to other appliance industries, ice maker sales volumes do not drive e@atmpon
suppliers to make design changes, so ice maker manufacturers are limited to those changes that
suppliers will implement for larger customers. Furthermore, Manitowoc noted that, rather than
being independent appliances, ice makers are typically pataofer equipment chain for

delivering food service products, which places them under physical constraints and causes their
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technology changes to have broader impacts on the entire food delivery industry. (Manitowoc,

Public Meeting Transcript, No. 42 gbpl4 15)

For the NOPR analyses, DOE has used design options that are commercially available
Many of these technologies are found in ice makers that were inspected, and a few are available
from component manufacture@®OE has taken care to ensure thaise design options

identified do apply to these products

For example, DOE has removed from its analysis any compressors that may potentially interfere
with ice maker operation (based on their design)

DOE has also included an option to increasassis sizes (in order to grow internal components
such as heat exchangers), but limited chassis growth design options to only cover the modest

levels suggested by the available equipment offerings

Further information on sftiGnBl¢.B.4.ecanddvViDyts. es i s

4. Developnent of the CosEfficiency Relationship

In this rulemaking, DOE has adopted a combined efficiency level/design option/reverse
engineering approach to developing eeficiency curvesTo support this effort, DOE
developed manufacturing cost models bdsealily on reverse engineering of products to
develop a baseline MPOOE estimated the energy use of different design configurations using
an energy model whose input datas basedn reverse engineeringutomatic commercial ice

makerperformance ratirgy and test data. DOE combined the manufacturing cost and energy
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modeling to develop cosfficiency curves forutomatic commercial ice makeguipment

based on baselinefficiencyequipmenselected to represent their equipment classes. Next, DOE
derivedmanufacturer markups using publicly available automatic commercial ice maker industry
financial data, in conjunction with manufacturer feedback. The markups were used to convert the
MPC-based cosgfficiency curves into MSBased curves. Details of themealyses developed

for the preliminary analysis were presented in the prelimiaagyysisTSD and in a

supplementary data publication posted on the rulemaking website.

Stakehol der comments regarding DOEOGs prel.i
following broad areas:
.Estimated costs in many cases were | ower than
. Estimated efficiency benefits of many modeled design options were greater than the actual
benefits, according to manuf apnentr er sdé6 experie
. DOE should validate its energy use model based on comparison with actual equipment test data.
. DOE should validate its casfficiency analysis by investigating the relationship of efficiency
with retail prices for ice makers.
. The incremental costs the engineering analysis should take into consideration the design,

development, and testing costs associated with new designs.

These topics are addressed in greater detail in the sections below.
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a. Manufacturing Cost

Manitowoc requested that DOE provig®re information on the inputs and methodology
behind calculating th®PCs for each efficiency level. (Manitowoublic Meeting Transcript,
No. 42 at pp. 7677) Manitowoc, Scotsman, and AHRI all asserted that it is important for DOE
to accurately assess the potential incremental costs associated with each efficiency level, since
they will drive the decisions in this rulemaking. (ManitowBaplic Meeting Trangipt, No. 42
at pp. 1706171 and No. 54 at p. 1; Scotsm&uplic Meeting Transcripiyo. 42 at p. 173;

AHRI, No. 49 at p. b

Regarding the accuracy of DOE&6ds cost model
incremental costs between efficiency levels were incorrect. Manitowoc added that, while it could
not provide its bill of materials, it would be willing to give DOE guidanagmarding the actual
costs of implementing technology design changes at realistic volumes. (ManiRwindic,
Meeting TranscriptNo. 42 at pp. 8081) Scotsman agreed with Manitowoc that the table of
incremental costs was optimistic at best and added thaggiy one component in an ice maker
will often require also changing other components, further affecting incremental costs.

(ScotsmanPublic Meeting TranscripiNo. 42 at p. 85)

Specifically, ManitowocScotsman, and AHRI eacitatedthe belief that DOHbas
underestimated the incremental costs of its proposed design options. (Manitowoc, No. 54 at p. 1,
Scotsman, No. 46 at p. 5; AHRI, No. 49 at p. 6) For example, DOE estimated that the
incremental cost of using aectronically commutated motdeECM) in place of a shaded pole

motor would be $13, whereas Scotsiisasupplier quoted an incremental cost of $35 for this
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same design option. Scotsman added that, because the ice maker industry is relatively low
volume, ice maker manufacturers face large cost jprasmifor component technologies.

(Scotsman, No. 46 at p. 5) AHRI noted that DOE assumed thapamc@ntincrease in

compressor efficiency would cost only $9. However, AHRI asserted that most compressors
currently used in ice makers are already mechdwpioptimized and could therefore achieve

greater efficiency only by switching to permanent magnet motors, which would cost seven times
more than DOBs incremental cost estimate. AHRI cautioned that DOE should not assume that
information it derived for otlrerulemakings is automatically applicable to ice makers. AHRI

also opined that DOE drastically underestimated the cost of increasing condenser surface area.
(AHRI, No. 49 at p. 2) Finally, Manitowoc commented that [@©&ost estimates for ECM

versions oflhe fan motors and pumps were unrealistically low. (Manitowoc, No. 54 at p. 2)

I n response to Manitowocb6s first comment,
correlating efficiency levels and design options in this NOPR and its accompanyinA&D.
TSD details the design option changes and associated caktslated for each efficiency level

for the equipment analyzed.

. In response to the commentsMwnitowoc,Scotsman, and AHRI, DOE had received
very limited feedback from manufacturers regardiogt @stimates to support its preliminary
engineering analysi®uring the NOPR phase of this rulemaking, D@#phasized the need to
obtain relevaninformation from stakeholders by extending the comment period by 40 days and

welcoming comment on specifiethils presented in the TSD regarding technology options and
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cost s. Mo r e o v e ragainvi@éf @isectlyg vatim hanudactireysrunder Aon

disclosure agreements in order to obtain additional cost information.

DOE has significantly revised itbmpaent cosestimats for theengineering analysis
for the NOPR phaseased on the additional information obtained, both in discussions with
manufacturers and in stakeholder commdD@®E used the detailed feedback that it solicited
from manufacturers to upte its cost estimates for all ice maker componemgsificantly
increasing its estimates of nearly all of these cdstditional details on the adjusted component

costs are available in chapter 5 of the NOPR TSD.

b. Energy Consumption Model

The energy cosumption modetalculateghe energy consumptiasf automatic
commercial ice makers in kilowatiours perl00 Ibof ice based on detailed description of
equipment design. The DOE analysis for a given equipment class and capacity applied the model
for avariety of design configurations representing diffeqgertformance levelsihe analysis
starts witha baselinelesign, subsequently assessing the differing energy consumption for
incrementally moreefficient equipment desigribatutilize increasing numbs ofdesign
options.Theresults ofthe energy consumption modekpaired with the cost modetsultsto
producethe points onthe costefficiency curveswhichcorrespond to specific equipment
configurationsAfter the publication of the preliminary alysis, DOE received numerous

stakeholder comments regarding the methodology and results of the energy consumption model.
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Manitowoc and Howe both commented that @®Bodels significantly overstated the
efficiency gains associated with many of the desigtons.(Howe, No. 51 at p. 3; Manitowoc,
No. 54 at p. 2As anexample, Howe pointed out that using a more efficient fan may not have a
significant impact on the overall efficiency of the ice maker, since the fan represents a small
fraction of its overkhenergy use. (Howe, No. 51 at p. 3) Manitowoc added that its own tests on
actual ice machines under controlled conditions resulted in lower performance gains than those

predicted by the DOE models. (Manitowoc, No. 54 at p. 2)

Manitowoc commented thatwould like to have more information on the models used in
DOEG engineering analysis. In particular, Manitovstated that itvould like to learn more
about the FREEZE model, since it is difficult to model the process of freezing water into ice and
evenmore difficult to model i1ice harvesting. Man
estimation of energy efficiency and that it is important for manufacturers to understand the
impacts of the model before new standards take effect, especially iffir@aney levels take
manufacturers to technology levels far beyond their level of experience. (Manitowoc, Public

Meeting Transcript, No. 42 at pp. 17173)

Manitowoc also commented that the FREEH#&delis limited by its inability to model
the harvest pion of the batch cyclevianitowoc stated thatJthough the harvest portion is
shorter in duration than the freeze portion, it represents a significant fraction of energy
consumption due to the higher energy input to the compressor and the additiogyaregeired
to cool the evaporator after each harvisnitowoc added that amy changes that improve the

freeze operation efficiency, such as increasing condenser area, also reduce harvest operation
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efficiency. Manitowoc expounded on this example bynwthat the increased condenser
surface area reduces the design temperature of the refrigerant, which results in lower energy
available during the harvest cycle, which in turn results in slower harvest times and an overall
increase in energy during the hest cycle Manitowoccommentedhat DOEs FREEZE model

is unable to account for such behavior. (Manitowoc, No. 54 at-[@#). 1

Scotsman and Hoshizaki both commented that the energy model will be incomplete until
it has been validated with real test reswait different technology design options. (Scotsman,
Public Meeting Transcript, No. 42 at pp. 1234) Hoshizaki asserted that DOE should not use

the FREEZE model in the analyses until it has been validated. (Hoshizaki, No. 53 at p. 1)

Scotsman inquired whether DOE intends to validate itseffisiency model by
implementing these design changes on actual machines and evaluating their subsequent energy

performance. (ScotsmaRublic Meeting Transcriptjo. 42 at pp. 8586)

In responséo comments by Manitowg&lowe,and Scotsmar)OE has made changes
to the energy modeling based on feedback received from the manufacturers urdieclosnre
agreementslo address concerns by Manitowoc that the FREEZE model did not adequately
model theeffects of increased condenser size on the harvesting energy, DOE also performed
testing of a watecooled condenser batch unit, and used the test data to develop a relationship
between condensing temperatures and harvest ey did note that lowerandensing
temperatures did result in lower overall energy consumption, but higher harvest energy

consumption.
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Table IV .22 Test Data for a WaterCooled Batch Unit

Test Level Units 1 2 3
Condenser °F 97.36 | 107.47 111.36
Temperature
Ice Harvest Ib/24 hr 375 361 355
OverallEnergy KWh/100 Ib 4.67 5.13 5.28
Consumption
Average Harvest
Energy Wh 21.21 17.86 17.03
Consumption
Lo Operating $/100 Ib $1.75 | $1.38 $1.32

ost
Condenser Water| ;1100 Ib 165.4 106.5 94.1
Use
Further information on DOEOGS enginseering

contained irsectionslV.D.4.eandlV.D.4 1.

c. Retail Cost Review

AHRI and Hoshizaki both questioned the accuracy of Bdkcremental costfficiency
analysisAHRI and Hoshizakrecommended that DOE validate it by comparing its results with
actual retail prices. (AHRI, Public Meeting Transcript, No. 42 at pp80882 83, 174 175

and No. 49 at p. 6; Hoshizaki, Public Meeting Transcript, No. 42 at p. 84 and No. 53 at p. 1)

Inresponseto AHRland Hoshi zaki 6s request for cost
analysisfor automatic commercial ice makers to evaluate the correlation of price with higher ice
maker efficiency DOE collected list price informatidnom publicly avaiableautomatic
commercial ice makenanufacturer price shedty 470 ice makers. DOE collected other
information relevant to the analysis appropriate sources, including equipment dimensions,
harvesitapacity ENERGY STAR qualificationand energy use. Fequipment clags for

which there werelata available fomore than 20ce makersprice and ice harvest rate were
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shown to have a strong linear correlation, witsdqriared values ranging from 0.63 to 0.84. This

result indicates that customers pay morehighercapacityice makers.

While an initial evaluation of price trends with efficiency suggested that prices are higher
for higherefficiency ice makers, subsequent analysis suggests that this trend can be attributed to
the trend for reduction in ergyr use for higher harvest capacity and the aforementioned
relationship between price and harvest capacitytifeequipment clags for which there were
sufficientice makergo analyze, DOHletermined the besit linear relationshigredicing price
asa function ofice harvest rate. DOE th@&valuatedher el at i onshi p bet ween
pricedifferertial (i.e., the difference btweenits price and the besit linear function) expressed
as a percentage of the predicted pnadh theice maked energy consumption raan kWh/100
Ib ice), developing besifit linear relationships for these trend®OE noted that the linear
relationships showed either no growth or very small growth in price as energy consumption
increasedThese resultgdicatethat there is ngorrelation betweehigherefficiency and higher
retail prices for icenachinesHowever DOE did notconclude based on this analysis, that there
would be no costs associated with improving equipment efficBemather, it concluded that
retail prices are not a reliable indicator of these céstditional information orthis analysis can

be found in bapter 3 of the NOPR TSD.

d. Design, Development, and Testing Costs
Hoshizakicommentedhat DOEs incremental cosgfficiency analysis mushclude all
aspects of design changes, including the additional design time, testing, and increased labor,

when calculating incremental costs. Hoshizaki added that manufacturers could help DOE by
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reviewing the actual costs associated with redesigningrtfahines to meet the 2010 DOE
energy standards as well as ENERGY STAR standards. Hoshizaki expressed its willingness to

collaborate with DOE and AHRI. (Hoshizaki, No. 53 at p. 3)

DOE incorporates the cost of additional design time, testing, labor, alimgtoto its
manufacturer impacts analysis, as describestation|V.J. During the NOPR analyses, DOE
and its contractors contactethnufacturers and obtained related costs undedisatosure

agreementdMore information on these analyses is availablgettionlV.J.

e. Empirical-Based Analysis

In response taomments fronScotsman and Hoshizaki about the validity of the energy
model, DOE investigatedsinganempirical efficiencylevel approach for thengineering
analysisrather than the approach combining energy modelingraamdifacturing cost modeling
that was used in the preliminary analy®©E performed this analysis ferghtbatch equipment
classes anthreecontinuous equipment class@se alternative approach was to develop the
costefficiency curves based on ratedtestedautomatic commercial ice makessergy use
levels and costs estimated using the manufacturing cost model with updates from manufacturer
discussions, as describedsactionlV.D.4.a To support the empirical analysiBOE purchased

and teste@0 additionaice makersgiving DOE a total of 39 ice makei® evaluation

TablelV.23 shows theesulting costs foequipment classes that were analyzed uiag
empiricalapproachtand the energy modeling approathe incremental cost of reaching a 15

percentelow baselinefficiency level is listedelow. In 7 out of Qequipmentlasses, the
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energy modeling approach result was far more conseragyeaesulted in higher incremental
cost estimategjhan the empirical approach result; DOE estimated a negativeftiosncy

relationship in five of these cases for the empirical approach.

Table IV .23 Comparison of NOPR and Empirical Analysis Approaches at the 15%
efficiency level

Increlgt;/?ltEall_Cost 15% EL Incremental
. Cost from NOPR
from Empirical (Energy Modeling)
Approach

IMH-A-SmallB $ 4.88 $ 45.00
IMH-A-LargeB $ (32.32) $ 39.00
IMH-W-SmallB $ (102.62) $ 37.00
IMH-W-MediumB | $(543.66) $ 53.00
RCU-NRC-SmallB | $ 4.70 NA*
RCU-NRC-LargeB | $ 166.03 $ 198.00
SCU-A-LargeB $ (106.45) $ 40.00
SCU-A-SmallB $ 4741 $ 32.00
IMH-A-C $ 74.60 $ 46.00
RCU-NRC-C $ (354.91) NA*
SCU-A-C $ (244.80) $ 28.00

* The NOPRanalysis did not directly analyze this equipment class.

DOE compared the results of the empirical analysis and the results of the energy
modeling, and concluded that the energy modeling results provided a better and more consistent
forecast in the ability of manufacturers to reach certain efficiency |ailde the analyses
rigorously account for the cost differences in key components that affect energy use, the costs to
achieve higher efficiency levels range from higher tharNtB®Restimates to very low to
negative. DOE is concerned that, while the dakewdl cost differences may accurately reflect
actual cost differences between the chosen pairs of models, the results may be very dependent on
the details associated with the specific model selections, and may vary depending on the units
that are selecte OE6s empi ri cal analysis does indicate
not underestimate the cesfficiency steps required to reach higher efficiend#3E believes
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that careful calibration of the energy model combined with reassessment ofttheoce! can

result in accurate cosffficiency curves.

Thus, DOE decided to proceed with the energy modeling approach as the main basis for
the engineering analysiBOE hasaddressd many of thestakeholdecomments as it updated
the energy modeling alyais. The details of the energy modeling approachdescribed in the

next sectionsectionlV.D.4.f.

Additional details and results the empiical analysisare available inttapter 5 of the
NOPR TSD. DOE believes that the results of t

design option analysis.

f. Revision of Preliminary Engineering Analysis

After investigation of and rejection of ampirical efficiencylevel analysis approach,
DOE instead developed théOPRengineeringanalysisby updating thereliminary engineering
analysis. This included makiragljustments to the manufacturing cosidel as described in

sectionlV.D.4.a It also included adjustments to energy modeling.

Thedesign optios considered in the analysis changed, as the discusdioa wdated

screening analysisethils n sectionlV.C.

DOE also made several changes to the FREEZE energy osmt#d estimate energy

use of different icenaker design configuration§o address the concerns raised by Manitowoc
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and Howe, DOE adjusted its energy model s base
and confidential comments and di scdsslosureons DOE
agreementsThese changes included:

adjustment of the compressor coefficientsldatch type icenakers

usingdata from tests of ice makeismodel the increase of harvest energg@sdensig
temperatur@ecreases fdrvatch type icenakers;

developing anpgproach based dest data taetermine theondensg temperaturgeductions

associated with use of larger wateroled condensers;

limiting adjustments to the potable water use of batch products to a minimum of 20 gallons per

100 Ib (or the starting pdiée water use level, if lower)

incorporatingenergy use reduction fdrain water heat exchangersed in batch equipment

Finally, for the maxtech design options that extended beyond what was typically found
in commerciallyavailableproducts (such as permanent magnet motors and drain water heat
exchangers) that could not be calibrated against existing units, DOE relied on testing and

literature to properly account for the energy savings of these units.

For drain water heat exchangeDOE performed testing oftatch type icenaker with a
commerciallyavailabledrain water heat exchanger, and used the test results to calibrate the

energy savings obtained from this technology for each equipment class where it was applied

DOE used mtwr efficiency ratings discussed in the preliminary analysis and verified

with stakeholders to scale the motor use of each component using permanent magnet motors
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During t he NOP Rnegymodgvaseaibrate®tO dpsrly account for the
enegy consumption of each component, and for energy reductions resulting in jumps to PSC
technologiesincreases in the efficiency of the motor components can then be expressed as

reductions in the energy consumption of these components.

DOE calibrated thefficiency gains calculated by tlenergy model against tlikesign
options and test results gatherkding the empirical analysis investigati@OE used this
comparison to determine the suite of design options that should be found girthEriage high

efficiency level, and calibrated the results of the energy against the inspected results.

For example, DOE inspected a pair of IMHSmallB automatic commercial ice makers
with measured efficiency levels 82 percentelow baseline and 17gercentelow baseline,
and noted the following changes between units:
increases in both the evaporator face area and condenser volume, and an increase in the chassis
size to accommodate these growths
an increase in condenser fan size and a change from am@#®Mto a PSC motpand

an increase in compressor EER

In the energy model, DOE separated out each of the different design options and
considered separately, ordering them in order ofeffisiency. For thisequipmentlass, DOE
had the following degn options to increasefficiency from baseline ta35 percentelow

baseline, as shown imblelV .24.
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Table 1V.241MH -A-Small-B Design Options

% Below Baseline Design Option

0.00% Baseline

6.22% Increase compressor EER from 4.86 EER to 5.25 EER
7.71% Increase condenser width (no chassis size increase)
20.52% Increase Evaporator Area (with chassie increase)
23.5%% Switch to PSC Condenser Fan Motor

In some instances, DOE considered slightly different design opéspecially when
DOE6s analysis found that mor e .&dréxanple,eghet ¢ omp
maximum compress@&ER used irthe energy modeling analgsvas more efficient than the
inspected unit compressor EERhis is the reason this suite of design options reaches higher

efficiencies DOE did not consider chassis sizes larger than those available on the market.

DOE believes that these changes help ensure that the energy model results accurately

reflect technology behavior in the markietirther details othe analyses are available imapter

5 of the NOPR TSD.

E. Markups Analysis

DOE applies multipliers call edstomempachdsal ps o t
price of theanalyzedequipment. These markups are in additmthe manufacturer markup
(discussed in sectidiv.D.4) and are intended to reflect the cost and profit ma@gssciated
with the distribution and sales of the equipmagtiveen the manufacturer atwstomerDOE
identified three major distributiorhannels foautomatic commercial ice makeesd markup
values were calculated for each distribution channel based on industry financidlbthta.
IV.25 shows the three distribution channels and the percentage of the shipments each is assumed

to reflect. The overall markup values were then calculated by weighezdging the individual
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markups with market share values of the distribution channedsci@pter 6 of the NOPR TSD

for more details on DOEOGs met hodol or ma r

ogy f

Table 1V .25 Distribution Channel Market Shares

National Account

Wholesaler Channel:

Contractor Channel:
Contractor Purchase

Analysis Phase Channel: ' Man'ufa'cturer to . from
Manufacturer Direct Distributor Distributor for
to Customer (1-party) | to Customer (2party) Installation
(3-party)

Preliminary Analysis

6%

32%

62%

NOPR

0%

38%

62%

In general, DOE has found that markeglues vary over a wide range based on general
economic outlook, manufacturer brand value, inventory levels, manufacturer rebates to
distributors based on sales volume, newer versions of the same equipment model introduced into
the market by the manufaceus, and availability of cheaper or more technologically advanced
alternatives. Based on market data, DOE divided distributor costs into (1) direct cost of
equipment sales; (2) labor expenses; (3) occupancy expenses; (4) other operating expenses (such
as aepreciation, advertising, and insurance); and (5) pMDE assumed that, for higher
efficiency equipment only, the Aother operat.i
remaining costs stay constant irrespective of equipment efficiency ldwed, DOE applied a
baseline markup through which all estimated distribution costs are collected as part of the total
baseline equipment cost, and the baseline markups were applied as multipliers only to the
baseline MSPIncremental markups were appliednasltipliers only to the MSP increments (of
higher efficiency equipment compared to baseline) and not to the entire MSP. Taken together the
two markups are consistent with economic behavior in a competitive @ateparticipants

areonly able to recovecosts and a reasonable profit level.
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DOE received a number of comments regarding markups after the publication of the

preliminary analysis.

AHRI statedthat equipment markups often result in retail prices that are lower than what
is observed in the mieet place, andtatedthat DOE should supplement its analysis with a
survey or retail sale prices. (AHRI, No. 49 at - 5) Scotsman suggestreviewingequipment

pricing on the internet because maey makersare available online. (Scotsman, No. 46 at p. 5)

Scotsmarstated thathe national account chainnstaccurate. Scotsman commented
that the national account distribution chain resembles the wholesaler distribution chain, because
an equipment supplies part of the process. Tlseippliermay contract directly with the
customer but equipment still goes through another pactyording to Scotsma(Scotsman, No.
42 at p. 97) Manitowoc agreed with Scotsman thah#imnal accounts chainmsisrepresentt
and actually includes a third party to do installation, repair, and maintenance. (Manitowoc, No.

42 at p. 99 100)

Manitowoc stated that mechanical contractors are typically not part of the distribution
chain Manitowoc indicatedlealers may in fact provide those services, but the model is a little

different from the model presentdtianitowoc, No. 42 at p. 103)

Hoshizaki agreed with the analysis of distribution channels. (Hoshizaki, No. 53 at p. 2)
Manitowoc suggested anothdistribution channel existgsather than a sale to an easer, the

dealer leases it to the customer. (Manitowoc, No. 42 at pMaBgjtowoc was of the opinion that
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whether the equipment was sold or leased to the customer, the end result would ke that th

ultimate equipment price would not be affected. (Manitowoc, No. 42 at p. 99)

Manitowoc questioned the basic methodology of using a base and incremental markup.
Manitowoc stated that if changed a produat, would expect the same gross margin on the
incremental cost as on the base. (Manitowoc, No. 42 at p. 104) Manitowoc stated that entities in
the distribution chain take the manufact@sdist price and add a markuganitowoc stated that
by using the incremental markup, DOE is understating the inipalce market place of adding
additional costs to raise the efficiency level, and that is not what happens in the market
according to ManitowagManitowoc, No. 42 at p. 105) Manitowoc stated that the incremental
markup should be the same as the basetiarkup and that it would be unreasonable to expect
that vendors would earn a lower margin on additional costs associated with complying by the

increased minimum efficiency regulations. (Manitowoc, No. 54 at p. 3)

With regard to the AHRI, Scotsmaand Manitowoc comments related to retail prices
surveys or studies to determine if DOE was underestimating prices, DOE performed a market
price surveyreported earlier in the engineering sectidrD.4.c. PreviouslyDOE hasat
performedretail price surveys, believing that scatter in the @atarticularly when internet and
nortinternet prices are emingled would cause surveys to provide daif poor value or
usefulnessThe results of the retail price survey performed for the engineering analysis supports

this belief
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With regard to the comment that mechanical contractors are typically not part of the
distribution chain, DOE is using mecheal contractor cdsnformation to model a thregarty
distribution channel. Available Census Bureau data as well as comments received at the
Frameworkpublic meeting indicates that a thrparty distribution channel is commoft
present the mechanicadmiractor cost data is the best information avail&dnguantifying the
local contractor portion of the thrguarty channeland DOE used this data for developingts
contained in this noticd®OE requests specifidataor data source® better categize the third

party coststtributable to local dealers or contractors.

The Scotsman and Manitowoc comments about the national account chain being
misrepresentethdicate thathe national account channglbasicallythe same as the wholesaler
channelThus the 6 percent of shipments initially assignedhi national account channveill
be combined withhe wholesaler channshipments andssessed theholesaler channel
markup. With regard to adding another channel for leased equipment, since Manitowoc
suggested the pricing of equipment in such a hypothetical channel would not differ from other

equipmentDOE elects to not add an additional channel.

With respect to theommentgjuestioning the use of amcremental markup, DOE
believeshatthere is likely an inaccurate comparison taking placeompetitive markets, such
as theautomatic commercial ice makemarket, the participants are expected to be able to recover
costs and a reasonable profit, which is what the markups designed and used by participants
would be expected to dm the DOE analysis, the baseline markup has been calculated to

recover allcurrently existingpverhead expenses with baseline equipmens@SDPE 6 s anal y si
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focuses on changeRrofit margin and other costs theltange a81SP changes were assigned to
incremental markup$/ostoverhead costs were allocated to lase markupecause DOE does
not expecthesecosts to changeecause oMSP chagesbrought on by efficiency standards
DOE developed the baseline and incremental markup methodoleggure all overhead costs
are fully collected and a reasonable profit margin is receaneldo identify costs that change

and apply sucko theincrementalMSPin the form of incremental markups

F. Energy Use Analysis

For the preliminary analysis and for the NOPR, DOE estimated energy usage for use in
the LCC and NIA models based on the kwh/100 Ib ice and gal/100 Ib ice values developed in the
engineemg analysis in combination with other assumptions. In the preliminary an&yis
assumed that ice makers on average are used to produdlalbokthe ice the machines could
produce i e., a 50 percent capacity factor). DOE also assumed that whemakotg ice, on
average ice makers would draw 5 watts of po®W&E modeled condenser water usage as
flopenloopo installations, or installations where water is used in the condenser one time (single

pass) and released into the wastewater system.

Several stkeholdersagreed with the 50 percent capacity factor being reasonable.
Scotsman stated that the 50 percent utilization factor is relatively close, given the wide spectrum
that exists based on seasonality and installation location. (ScotBuidit, Meetiry Transcript,

No. 42 at p. 108M\HRI stated that on average, across all applications and seasonsptreditt
utilization factor assumed by DOE is appropriate. (AHRI, No. 49 at p. 5) Manitagreed that

50 percent utilizatiofs a good number to us@Manitowoc,Public MeetingTranscript,No. 42 at
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p. 110)Hoshizaki, on the other hand, thought 50 percent was on the low side for the industry,
and some business typéke 24-hour restauranisnight have much higher usage factors.
(Hoshizaki,Public Meeing Transcript,No. 42 at p. 111INPCC expressed a desire to have
information made available to determine if therengquipment clasgelationship between the
duty cycles and the business type, and whether duty cycle is relatecctpuipment clasand/or

the product capacitfNPCC believed that this may determine whether one is moreffestive

to pursue than another. (NPG@yblic MeetinglranscriptNo. 42 at p. 111)

For the NOPR, DOE has continued to utilize a 50 percent capacity factor, as most
commengrsbelieved it to be a reasonable numaéedDOE did not receive utilization data in the
comments that would lead it to consider alternative capacity factors indlysiarin response
to the Hoshizaki comment and in agreement with the NPCC commentrdaQ&stsadditional

information about reasonable values that could be used to vary the assumpiicsmegsype.

Several stakeholders commented on the assumtienm @perloop installation for
watercooled condensers. Scotsmammentedhatthe majority of ice makers are installed in
openloop configurationsScotsman stated that somebusinesdypes like hotels or casinos,
there will typically be cooling towsrand recirculation systems that the ice maker can tap into. In
smaller locations without that type of a resource, it would typically be opendooprding to
Scotsman(ScotsmanPublic MeetingTranscriptNo. 42 at p. 108 109 Scotsman added that
singe-pass configuration provides a werstse energy use, and is appropriate for this analysis.

(Scotsman, No. 46 at p. 3) Manitowoc stated ithamly knows of installations in casinos or
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other large projects where ice makers are installed on closed &mpsyspects that most

historical installations are open loop. (Manitowoc, No. 42 at p. 110)

NEEA recommended that DOE investigate the market sharetofmatic commercial ice
makerswith singlepass condensers, because they use substantially morehaatéiosewith
other condenser configurations. (NEEA, Public Meeting Transcript, No, 42 465 166)
NPCC stated that some jurisdictions do not permit dpep installations because of water

usage. (NPCCPublicMeeting Transcript, No. 42 app109 110)

Hoshizaki suggestl pladng watercooled units in closetbop systems(Hoshizaki, No.
42 at p. 110) Hoshizaki statéuht, in certain areasyatercooled condensers could be the most

effective form of condensing. (Hoshizaki, No. 53 at p. 2)

DOE ageeswithHo s hi z a k i thatwaterecooimecondensersanbe a cost
effective form of condensin@OE does not envision promulgating any rule that would eliminate
watercooled condensersirfée DOEG regulatory authority relag@o the efficiency of
equipment manufactured or sold in the U. S. buttadtow equipment is installed or us&DE
does not plan to promulgate rules mandating use of closed [POESis not proposing to
perform the research suggested by NEEA into the prevaleropeafversis closedoop
installations] t i s al ways DOEG6s objective to model en
DOE requeststakeholder assistance in quantifying the impact of local regulations saock as
local regulationpotentially forbidding an opeloop installation Scotsman and Manitowoc stated

that, historically, most installations were likedgerloop, but the regulations discussed by
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NPCC would argue that in the future such is less likelytobelr@®E 6 s anal yses t
not included desigoptions that would change condenser water usatggtthatmeanghe

guestion oimodeling condenser watertine LCC models condenser water usage as-apen
closedloopimpacts the absolute value of hégcle costs and total national costs of ownership

and operation, but not LCC savings or increases/decreases iGWRvithatScotsman and
Manitowoc belige that historically most installations have likely been opep,|@OE chose to

cortinue to model water usage as an ofeop (or singlepass) system.

G. Life-Cycle Cost and Payback Period Analysis

In response to the requirements of EPCA in (42 U.S.C. 6295(0)(2)8ay5313(d)(4)),
DOE conducts LCC and PBP analysis to evaluate the economic impacts of potential amended
energy conservation standards on individual commercial custdnieas is, buyers of the
equipment. This section describes the analyses and the spreawistieeDOE used. NOPR

TSD chapter 8 details the model and all the inputs to the LCC and PBP analyses.

LCC is defined as the total customer cost over the lifetime of the equipment, and consists
of installed cost (purchase and installation costs) and tipgiE0sts (maintenance, repair,
water®® and energy costs). DOE discounts future operating costs to the time of purchase and
sums them over the expected lifetime of uiné of equipment. PBP is defined as the estimated
amount of time it takes customersrémover the higher installed costs of mefécient

equipment through savings in operating costs. DOE calculates the PBP by dividing the increase

% Water costs are the total of water and wastewater costs. Wastewater utilities tend to not meter customer
wastewater flows, and base billings on water commodity billings. For this reason, water usage is used as the basis
for both water and wastewater costad the two are aggregated in the LCC and PBP analysis.
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in installed costs by the savings in annual operating costs. DOE measures the changes in LCC

and in PBP assmated with a given energy and water use standard level relative to-edsase

forecast of equipment energy and wateruser t he fAbasel i neThebaser gy anc
case forecast reflects the market in the absence of new or amended energytcamserva

standards.

The installed cost of equipment to a customer is the sum of the equipment purchase price
and installation costs. The purchase price includes MPC, to which a manufacturer markup
(which is assumed to include at least a testl of outbound freight costis applied to obtain the
MSP. This value is calculated as part of the engineering analysis (chapter 5 of the NOPR TSD).
DOE then applies additional markups to the equipment to account foogtsassociated with
the distribution channefer the particular type of equipment (chapter 6 of the NOPR TSD).

Installation costairevaried by State depending on the prevailing labor rates.

Operating costs for automatic commercial ice makers are the sum of maintenance costs,
repair costs, wateand energy costs. These costs are incurred over the life of the equipment and
therefore are discounted to the base year (2018, which is the proposed effective date of the
amended standards that will be established as part of this rulemaking). The senmstailed
cost and the operating cost, discounted to reflect the present value, is termeeciatdit®st or

LCC.

Generally, customers incur higher installed costs when they purchasedfigtiency

equipment, and these cost increments will b&adbr or wholly offset by savings in the
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operating costs over the lifetime of the equipment. Usually, the savings in operating costs are due
to savings in energy costs because higffiziency equipment uses less energy over the lifetime
of theequipment. Often, the LCC of highefficiency equipment is lower compared to lower

efficiency equipment.

The PBP of higheefficiency equipment is obtained by dividing the increase in the
installed cost by the decrease in annual operating cost. Foatbigation, DOE uses the first
year operating cost decreases as the estimate of the decrease in operating cost, noting that some
of the repair and maintenance costs used in the analysis are annualized estimates of costs. DOE
calculates a PBP for eachieféncy level of each equipment class. In addition to the energy
costs (calculated using the electricity price forecast for the first year), thgefnsbperating

costs also include annualized maintenance and repair costs.

Apart from MSP, installatiocosts, and maintenance and repair costs, other important
inputs for the LCC analysis are markups and sales tax, equipment energy consumption,

electricity prices and future price trends, expected equipment lifetime, and discount rates.

As part of the engieering analysis, design option levels were ordered based on
increasing efficiency (decreased energy and water consumption) and increasing MSP values.
DOE developed four to sevemergy uséevels for each equipment class, henceforth referred to
as fiedfdy clievel s, 0 through the analysis of engi
classes, efficiency levels were set at specific intedvalg, 10 percent improvement over base

energy usage, 15 percent improvement, 20 percent improvement. Tteahaficiency level
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is the only exception. At the magch levelthe efficiency improvement matched the specific

levels identified in the engineering analysis.

The base efficiency levelgvel 1) in each equipment class is the least efficient and the
leastexpensive equipment in that class. The higher efficiency lehesisl (2 and higher) exhibit
progressive increases in efficiency and cash the highest efficiency level correspanglto the
maxtech level. LCC savings and PBP are calculated for eaebtedlefficiency level of each

equipment class.

Many inputs for the LCC analysis are estimated from the best available data in the
market, and in some cases the inputs are generally accepted values within the industry. In
general, each input value hasaage of values associated with it. While single representative
values for each input may yield an output that is the most probable value for that output, such an
analysis does not give the general range of values that can be attributed to a partiautiar outp
value. Therefore, DOE carried out the LCC analysis in the form of Monte Carlo simulaiions
which certain inputs were expressed as a range of values and probability distributions that
account for the ranges of values that may be typically associétethe respective input values.

The results or outputs of the LCC analysis are presented in the form of mean LCC savings,
percentages of customers experiencing net savings, net cost and no impact in LCC, and median

PBP. For each equipment class, 10,000édcCarlo simulations were carried out. The

3" Monte Carlo simulation is, generally, a computerized mathematical technique that allows for computation of the
outputs from a mathematical model based on multiple simulations using differenvaiypes. The input values are
varied based on the uncertainties inherent to those inputs. The combination of the input values of different inputs is
carried out in a random fashion to simulate the different probable input combinations. The outpul4asftéhe

Carlo simulations reflect the various probable outputs that are possible due to the uncertainties in the inputs.

166



simulations were conducted using Microsoft Excel and Crystal Ball, a commercially available

Excel addin used to carry out Monte Carlo simulations.

LCC savings and PBP are calculated by comparing the instalstsl @nd LCC values of
standardsase scenarios against those of iz scenarios. The bassse scenario is the
scenario in which equipment is assumed to be purchased by customers in the absence of the
proposed energy conservation standards. Standasgsscenarios are scenarios in which
equipment is assumed to be purchased by customers after the amended energy conservation
standards, determined as part of the current rulemaking, go into effect. The number of standards
case scenarios for an equipmeass is equal to one less than the total number of efficiency
levels in that equipment class because each efficiency level efficiency level 1 represents a
potential amended standard. Usually, the equipment available in the market will have a
distribuion of efficiencies. Therefore, for both bas#se and standardase scenarios, in the
LCC analysis, DOE assumed a distribution of efficiencies in the market, and the distribution was
assumed to be spread across all efficiency levels in the LCC ar(abesislIOPR TSD chapter

10).

Recognizing that different types béisinesseand industries that use automatic
commercial ice makers face different energy prices, and apply different discount rates to
purchase decisions, DOE analyzed variability and unogytai the LCC and PBP results by
performing the LCC and PBP calculations for seven types of businessesalth)care; (2)

lodging; (3)foodservice; (4) retail; (5) education; (6) food sales; and (7) offices. Different types
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of businesses face differegiergy prices and also exhibit differing discount rates that they apply

to purchase decisions.

Expected equipment lifetime is another input for which it is inappropriate to use a single
value for each equipment class. Therefore, DOE assumed a distribfiéquipment lifetimes

that are defined by Weibull survival functio#fs.

Equipment lifetime is a key input for the LCC and PBP analysisa&mmatic
commercial ice makerquipment, there is a general consensus among industry stakeholders that
the typical equipment lifetime is approximat&lyo 10 years with an average 8f5years. There
was no data or comment to suggest that lifetimes are unique to each equipmenhetassre,
DOE assumed a distribution of equipment lifetimes that is defined by WeisuiiVival

functions, with an average value of 8.5 years.

Another factor influencing the LCC analysis is the State in which the automatic
commercial ice maker is irgdted. Inputs that vary based on this factor include installation costs,
water and energy priceand sales tax (plus the associated distribution chain markups). At the
national level, the spreadsheets explicitly modeled variability in the model inpwtattar price,
electricity price and markups using probability distributions based on the relative populations in

all States

39 Weibull survival function is a continuous probability distribution function that is commonly used to approximate
the distribution of guipment lifetimes.
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Detailed descriptions of the methodology used for the LCC analysis, along with a
discussion of inputs and results, are preseintetiapter 8 and appendices 8A and 8B of the

NOPR TSD.

1. Equipment Cost

To calculate customer equipment costs, DOE multiplied the MSPs developed in the
engineering analysis by the distribution channel markups, described in 3¥¢dEoDOE
applied baseline markups to baseline MSPs and incremental markups to the MSP increments

associated with higher efficiency levels.

In thepreliminaryanalysis, DOE developed a projection of price trendsaf@omatic
commercial ice makerquipment, indicating that based on historical price trends the MSP would
be projectedo decline by0.4 percent from th012estimation of MSP values through @18
assumed start date of new or amended standardgrdliminaryanalysis also indicated an
approximatelyl.6 percent decline from the MSP values estimated ir2 201the end of the 30
year NIA analysis periodsed in the preliminary analysiBrice trendgienerated considerable
discussion during the LCC presentation atRkbruary 201preliminaryanalysispublic meeting

(and nearly all comments specific to the NIA were concerning price trends).

Scotsman stated thiattypically ses some increase in cegsand thait triesto recapture
at least some of the increased cost in the form of price increases and usually cannot recover all of
it. Scotsmarstated that idoes not expect to see prices going down over the years and does not

think it makes a lot ofense Scotsman added that for household refrigerators and other
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industries muchof the price decrease that has been seen over the years is offshored
manufacturing. Thautomatic commercial ice makeranufacturers do not have the scale to
consider doing tht, according to Scotsma(Scotsman, Public Meeting Transcript, No. 42 at p.
127- 128 Scotsman analyzed the historical shipments data and provided graphs showing how
different the forecast would be if a different time period was selected. Scotsman et dgigaisa

long-term growth trend of 1.percents most realistic. (Scotsman, No. 46 pt 6 7)

NRDC stated thaprice learning is theoretically expected and empirically demonstrated,

andthat itsuppored DOEGS incorporation of price learning in theeaiaking. (NRDC, No. 48 at

p. 2)

AHRI urged DOE to assume that price learning is zero, or in other words, to hold MSP
constant. AHRBEtated that it hagerformed an analysis of the data used by DOR!zadt
believal that the dataid not support an assumption of price learning greater than zero. (AHRI,

No. 49 at p. &and «hibit A)

Manitowoc stated that there is no real basis to expect that the manufacturing costs of ice
machines will decrease in the future due to efficiency gaipsoduction because the ice
machine designs are mature and the manufacturing processes are stable. Manitowoc added that
the increase in costs associated with design options is only due to higher cost components or
higher cost material employed and thatd@heual production volumes do not allow for further
investment in automation of the manufacturing processes beyond what is already in place.

(Manitowoc, No. 54 at p. 4)
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As is customary between tpesliminaryanalysis and the NOPR phases of a rulemaking,
DOE reexamined the data available and updated the analyses, in this specific instance, the price
trend analysis. At a high level, DOE agrees with the NRDC comment that evidence indicates
price learning is theoretically expected. In respongkeddHRI, Manitowoc, and Scotsman
comments that the data do not support the price trends, D&aneined the data used in the
analysis, and ranalyzed price trends with updated data. Inpreéiminaryanalysis, DOE used a
Producer Price Index (PPI) that includgdconditioning, refrigeration, and forced air heating
equipmentFor the NOPR, DOE was able to identify a PPI that was a subset of the PPI used for
thepreliminaryanalysis. The subset includes only commercial refrigeration and related
equipment, and ekades unrelated equipment. Using this PPI forahi®matic commercial ice
makerprice trends analysis yields a price decline of rougt8yp#&rcent over the period of 2012

(the year for which MSP was estimated) through 2047.

2. Installation, Maintenancend Repair Costs

a. InstallationCosts

Installation cost includes labor, overhead, and any miscellaneous materials and parts
needed to install the equipment. The installation costs may vary from one equipment class to
another, but they typically do not vary ang efficiency levels within an equipment class. Most
automatic commercial ice makers are installed in fairly standard configurations. For its
preliminary analysis, DOE tentatively concluded that the engineering design options do not
impact the installatio cost within an equipment class. DOE therefore assumed that the

installation cost foautomatic commercial ice makeatees nowvvary among efficiency levels
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within an equipment class. Costs that do not vary with efficiency levels do not impact the LCC,
PBP, or NIA resultsin the preliminary analysi®OE estimated the installation cest a fixed
percentage of the total MSP for the baseline efficiency level for a given equipment class, set at

10 percent

Mani towoc agreed with d4didEdsts gepesabywoufsibe on t ha
unaffected by moving to the higher efficiency level. However, Manitowoc pointed out that some
efficiency differences may cause variation in installation costs. Manitowoc further explained that
many remote condensers requirgrane for installationtherefore, bigger condensers of
automatic commercial ice makequipment with higher efficiency levels might result in higher
rental and labor costs associated with the installation. (Manitowoc, Public Meeting Transcript,
No, 42 atp. 136)In its written comments to DOE, Manitowoc further clarified that higher
efficiency equipment would not incur additional installation costs unless the size of the
equipment increases in such a way as to exceed the industry norms. (Manitowo@tpo H4
However, Hoshizaki indicated installation costs will increase with higher levels of energy
efficiency due to special installation requirements for the new machine and possible changes to
the structure that might be required. Furthermore, AétiRirentedthat it is incorrect for DOE
to assume that changes in installation will be negligible for ratireient equipment(AHRI,

No. 49 at p. 5)

Scotsman pointed out that if the technoleggreassumed to involve a drain water heat

exchange, thastallation costs would increase. (Scotsman, No, 46 at p. 3)
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In responses to the comments above, DOE further evaluated the costs associated with
installation and revised the installation cost estimation methods. For the NOPR, DOE estimated
material andabor cost to install equipment based on RS Means cost estimatiéhatatan
telephone conservations with contractors. Estimated installation costs vary by equipment class
and byState DOE decided to continue to assume installation cost will be corfistait

efficiency levels within an equipment class.

I n response to Manitowocb6s comment that gr
rental and labor costs, DOE notes that while the initial decision to avoid equipment size increases
in the engineeng analysis was eliminated, DOE attempted to minimize equipment size
increases. Thus, proposed standard levels should not add significantly to labor and crane rental
costs. Nor does DOE believe the size increases would require structural changes asiaggoth
by Hoshizaki. In response the Manitowoc and Scotsman comments about drain water heat
exchanger installation costs, DOE notes the promotional material of drain water heat exchanger
manufacturers indicate the units can be installed with four additivater attachments, a level
of effort that would I|Iikely not add to the co
general statement that higher efficiency levels will impose specialized installation requirements,
a review of the desigoptions included in the DOE engineering analysis did not reveal any
options likely to impose specific cost increases. To better respond to the Hoshizaki comment,
DOE requests specificidy which design options will impogacreases in installation cosiad

what would the magnitude of such cogtreasede?

‘RS Means Company, In2013 RS Means Electrical Cost Da2®13. Kingston, MA.
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b. Repair andMaintenanceCosts

The repair cost is the average annual cost to the customer for replacing or repairing
components in the automatommerciaice maker that have failed. In the preliminanabysis,
DOE approximated the repair cost aspeBcent fixed percentage of the total baseline MSP for
each equipment class and assumed that repair costs were constant within an equipment class for

all efficiency levels.

Maintenance costs are associatgith maintaining the proper operation of the equipment.
The maintenance cost does not include the costs associated with the replacement or repair of
components that have failesthich are included as repair costs. In the preliminary analysis
DOE applied &8-percent preventative maintenance cost that rescaimstant across all
equipment efficiency levels because data were not available to indicate how maintenance costs

vary with equipment levels.

Scotsman stated that, in general, whenever new techniglagyoduced, failure rates
increaseScotsman stated thatwen the failures occur during the warranty period, the cost falls
on manufacturers. Ice makers stress components in ways that they are not stressedstatteady
machinesaccording to Scotsmaso even with wetknown technologies it is not known how
their failure rates will fare in ice makers. In addition, Scotsman commented that if the technology
was assumed to involve a drain water heat exchanger, the maintenance cost would increase.
(Scotsnan, No, 46 atp. 3- 4) Likewise, Hoshizaki stated that repair costs are relative to each

machine andhat it isdifficult to compute a standard average. Manufacturers are still working to
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analyze the effects of the 2010 standards on repair, e@stsrdingo Hoshizaki (Hoshizaki, No,

46 at p. 3- 4)

Manitowoccommented thahe repair costs will be affected by the efficiency levels.
Manitowoc stated that isas specific concerns about some components such as motors.
Manitowoc pointed out that ECM motors might enhance the energy efficiencies, but these
motors are probably less reliable than stang@ardhanent split capacitanotors because ECM
motors have more pig. Manitowoc further stated that) general, more parts increase the
chances that a component will faithich in turn potentially increases the repair costs.

(Manitowoc, Public Meeting Transcript, No, 42 at p. 136) In addition, Scotsman stated that
modeling repair cost as a percentage of baseline costs would understate repair cost. Also using
the example of an ECM fan motor, Scotsman explained that ECM motor has an incremental cost
of $35 to installhoweverwhen it needs to be replaced, it is consaidgr more costly than the
replacement of the motors that are currently used on the market. Additionally, Scotsman also
noted the ECM fan motor has more parts than the current motors that are commonly applied in
the market, making it likely to fail more eft. Thereforeaccording to ScotsmagCM fan

motors might require higher average annual repair costs than current motors used in the baseline
units. (Scotsman, No, 46 gb.Bi 4) Hoshizaki pointed out higher water and energy efficiency

level may increasmaintenance costs. Hoshizaki elaborated that equipment with lower water
usage and improved electrical efficiencies might need more frequent maintenance such as

cleaning. (Hoshizaki, N&®3 at p. 2)
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In addition, Howe commented on the impact of new staisdamdepairing and
maintenance costBlowe stated that the modification of new ice makers will cause increased
repair and maintenance costs due to the need to educate service personnel. The percentage of the

baseline costs will increasaccording to HowgHowe, Nao 51 at p. 4)

In response tthesecomments, DOE evaluated how repair and maintenance costs were
estimated and revised the methodology. For repair costs, DOE examined the major components
of ice makers and identified expected failure rateg&mh component. For those components for
which available information indicates a failure might occur within the expechegear
equipment life, DOE estimated repair or replacement costs. Under this methodology, repair and
replacement costs are basedlmnariginal equipment costs, so the more expensive the
components are, the greater the expected repair or replacement cost. For design options modeled
in the engineering analysis, DOE estimated repair costs émeliftveredifferent than the
baseline costhe repair costs were either increased or decreased accordingly. (Although
theoretically possible, in the case of the ice maker analysis, repair costs did not decrease with
efficiency |l evels for any equi pmementamltthse s . ) T
difficulty of estimating one standard average, DOE now estimates diffepait and

replacementosts for all equipment classes.

DOE6s revision to the r epaitheMaoitoveot, met hodol
Hoshizaki, Scotsmamnd Howecomments that repair costs should increase with efficiency
level. Consistent witthe Manitowoc and Scotsman comments, DOE assumed that ECM fan

mot ors would increase repair costs relative t
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about drain wadr heat exchangers, DOE notes that manufacturer literature indicates an expected

useful life greater than.Byears, so no replacement was assumed for this component.

In the NOPR analyses, DOE estimated material and labor costs for preventative
maintenane based on RS Means cost estimation data and on telephone conservations with

contractors. DOE assumed maintenance cost would remain constant for all efficiency levels

within an equipment <cl ass. I n response to Hos
water usage on maintenance, the DOE analyses for 7 of 12 primary equipment classes did not
invol ve changes to water wusage. In the remain

did not assume potable water usage would be reduced below 20 gatla$ Ib icé a level

manufacturers indicated was a point below which maintenance costs would increase. (Scotsman,

Public Meeting Transcript, N@d2 at p. 64; Manitowoc, Public Meeting Transcript, M at p.

65) Thus, for the NOPR, DOE assumes that maistee costs will not vary by efficiency level.

3. Annual Energy and Water Consumption

Chapter 7 of the NOPR TSD details DOEOS
various efficiency levels of automatic commercial ice makers. Annual energy and water
consumptioninputs byautomatic commercial ice makequipment class atssed on the
engineering analysis estimateskddwatt-hoursof electricityper100 Ib ice and gallonsf water
per100 Ib ice, translated to annddllowatt-hoursand gallons in thenergy and water use

analysis (chapter 7 of the NOPR TSD). The development of energy and water usags inputs

an

discussed isectionlv.G.6al ong wi th public input and DOE©®Gs

177



4. Energy Prices

DOE calculated average commercial electricity prices using the EIA Forr8EBAlata
obtained onlinefromthe Dat abas e: Sales (consumption), rev
page*! The EIA data reports average commercial sector retail prices calculated as total revenues
from commercial sales divided by total commercial energy salebimatt-hours by State and
for the nationDOE received no recommendations or suggestions regarding this set of

assumptions at tHeebruary 201reliminaryanalysis public meeting or in written comments.

5. Energy Price Projections
To estimate energy prices in future years for ttedipinary analysis TSD, DOE
multiplied the average regional energy prices described above by the forecast of annual average

commercial energy price indices developed in the Reference CasAf02013.** AEO2013

forecasted prices throudt®4Q To estimatehe price trends aft&@04Q DOE assumed the same
average annual rate of change in prices as exhibited by the forecast @@3xte2040period.
DOE received no recommendations or suggestions regarding this set of assumptions at the

February 201 preliminaryanalysis public meeting or in written comments.

“1U.S. Energy Information AdministratioSalesandrevenue data by state, monthly back to 1990 (Formé&l8)
(Last accessed Ju@é, 2013. <www.eia.gov/electricity/data.cfm#sates

“2The spreadsheet tool that DOE used to conduct the LCC and PBP analysessgiswo select price forecasts
from eitherAEOG Bligh Economic Gowth or Low Economic Growth Cases. Users can thegsttiynate the
sensitivity of the LCC and PBIesultsto different energy price forecasts.
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6. Water Prices

To estimate water prices in future years for the preliminary analysis TSD, DOE used
price data from the 200§ 201Q** and 2012American Water Works Wat¢éAWWA) and
Wastewater Surveys.The AWWA 2012survey was the primary data set. No data exists to
disaggregate water prices for individibaisinesdypes, so DOE varied prices by state only and
not bybusinesgype within a state. For each state, DOE combined all individual utility
obsevations within the state to develop one value for each state for water and wastewater
service. Since water and wastewater billings are frequently tied to the same metered commodity
values, DOE combined the prices for water and wastewater into one td¢aes gelr 1,000
gallons figure DOE used the Consumer Price Indé€P1I) data for waterelated consumption

(1973 2012 “°in developing a real growth rate for water and wastewater price forecasts.

During the public meeting and in written comments, stakefisldommented on the
water prices DOE used in its LCC analysis.0@Pstated that water and wastewater price
escalation has been systematically higher than the CPI. Furtt @ N oi nt ed out t hat
waterrelated regulations governed by the Clean Watdmaight level out the escalation rates
once the regulationsd r equiCGCaoeenotasticipatethe sati s
escalation rates will di mini sh -related regulatensv en t h

was not completed, NPCC themised the question whether DOE should use both a higher

3 American Water Works AssociatioB008 Water and Wastewater Rate Surv2§09. Denver, COReport No.

54004.

4 American Water Works AssociatioB010 Water and Wastewater Rate Sur@$ji 1. Denver, COReport No.

54006.

5 American Water Works AssociatioB012 Water and Wastewater Rate Surv2§13. Denver, COReport No.

540@8.

“®The Bureau of Labor Statistics defn€PI as a measure of the average change over time in the prices paid by
urban consumers for a market basket of consumer goods and services. For more information see
www.bls.gov/cpi/home.htm

179


http://www.bls.gov/cpi/home.htm

escalation rate and CPI in its analy®i®CCthen suggested using a higher escalated rate in the
analysis for a shomun perioduntilt he ef f ecti ve d a-telatedodgulaBdAsA o s | a't
and move to the CPlI for the |l onger term analys
relevant regulationsN[PCC, Public Meeting Transcript, No, 42 gb.al32 134) In additionthe

Alliance argued that water use and energy use cannot be comparsohghegprice basis

because of key differences between the two resourbesAlliance stated thaty$t, energy

comes from multiple sources and is a commodity whose prices fluctuate based on supply and
demand. Freshwater, on the other hand, is in linstgply and water prices are heavily

regulated based on the cost of treatment and delivery, which is less directly affected by supply

and demandaccording to the Allianc& he Alliance further stated thathwn water demand

overcomes the readily availalftesh water resources in theSJ the alternative water sources

will likely require more costly infrastructure and operational changes such as desalination to

fulfill the demand for fresh water, which is also a very energy intensive prddesgforethe

Alliance recommended that DOE consider the marginal costs of alternative water sources, such

as desalination, in its analyses to properly account for all water costs as applied-mooiatr

condensersAlliance, No. 45 at p. 4)

DOE appreciatethe comments that EPA water regulatiamsder theClean Water Act
may i mpact the escal ati on r aandtheobkervatiartabout pr i c e
desalinatiorplants being the next source of water available in many localigk.respect to
theClean Water Accomment DOE notes that the Clean Water Act has been in existence since
1972. Thus, the water price trends should include the impacts of historical costs attributable to

the Clean Water Act. Throughout that entire peribd CPI for wateultility costs grew at an
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average rate of 1.6 percent faster than the total CPI, perhaps validathN@@point. As for
capturing the effects of unknown future EPA regulations, DOE conglueis speculative

effort, and DOE has long adhered to a gagdprinciple that the analyses avoid speculating in
this fashionWith respect to the comment about desalination and the accompanying suggestion
that DOE should use marginal water prices, DOEdea®loped watgprices using recent water
price data, whichvould include resource costs that underlie the provision of water. Looking
forward, DOE acknowledges that new water resources broulihé anfuture years may differ
from those of the past, but DOE has identified a source that carefully and systeoséity
forecasts the impact of future developments of this nature, as th20OAB@oes in the case of
electricity. Thus, to attempt to project growth rates for 50 states to capture these resource
changes would be speculative. Rather than specOI&€ hasupdated the calculation State
level water prices with the inclusion of the 2012 AWWérvey’ and additional consumer price

index values.

7. Discount Rates

The discount rate is the rate at which future expenditures are discounted to establish their
present valueDOE determined the discount rate by estimating the cost of capital for purchasers
of automatic commercial ice makekdost purchasers use both debt and equity capital to fund
investmentsTherefore, for most purchasers, the discount rateesisveightedaveragecost of
debt and equity financing, or the weightaderagecost of capital (WACC), less the expected

inflation.

4’ American WatetWorks Association2012 Water and Wastewater Rate Surv2§13. Denver, COReport No.
540(8.

181



To estimate the WACC of automatic commercial ice maker purchasers, DOE used a
sample of nearly 1,200 companies groupeletoepresentative of operators of each of the
commercial business types (health care, lodging, foodservice, retail, education, food sales, and
offices) drawn from a database of 6,177 U.S. companies presented on the Damodaran Online
website?® This databasicludes most of the publicliyaded companies in the United States
The WACC approach for determining discount rates accounts for the current tax status of
individual firms on an overall corporate ba$dOE did not evaluate the marginal effects of
increased costs, and, thus, depreciation due to more expensive equipment, on the overall tax

status.

DOE used the final sample of companies to represent purchasers of automatic
commercial ice makergor each company in the sample, DOE combined comppagific
information from the Damodaran Online website, kbng r m r et urns on t he St a
500 stock market index from the Damodaran Online website, nominatdomg-ederal

government bond rates, and letggm inflation to estimate a WACC for each firmthe sample.

For most educational buildings and a portion of the office buildings and cafeterias
occupied and/or operated by public schools, universities, and State and local government
agencies, DOE estimated the cost of capital based oryead@eoratric mean of an index of

long-term taxexempt municipal bonds (>20 yeaf2}° Federal office space was assumed to use

“8 Damodaran financial data is availablehitp://pages.stern.nyu.edu/~adamodeast accessed Januay, 2013).

% Federal Reserve Bank of St. LouBtate and Local BondsBond Buyer Go 2Bond Municipal Bond Index

(Last accessed April 6, 2012). Annual data for 192811 was available at:
http://research.stlouisfed.org/fred2/series/MSLB20/downloaddata?cid=32995

0 Rate for 2012 calculated from monthly data. Data source: U.S. Federal Reserve (Last accessed February 20, 2013)
(Available at:www.federalreserve.gowgteases/h15/data.hfm
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the Federal bond rate, derived as theyd@r geometric average of lotgrm (>10 years) U.S.

government securities.

DOE recognizes thavithin the business types purchasing automatic commercial ice
makers there will be small businessvith limited access to capital markets. Such businesses
tend to be viewed as higher risk by lenders and face higher capital costs as a result. To account
for this, DOE included an additional risk premium for small businesses. The premium, 1.9

percent, was developed from information found on the Small Business Administration Website.

Chapter 8 of the TSD provides more information on the derivation ofuhscatesThe
average discount rate by business type is showirablelV .26.

Table IV .26. Average Discount Rate by Buimess Type

BusinessType Average Discount Rate (real)

Health Care 2. 7%
Lodging 6.8%
Foodservice 5.8%
Retalil 4.6%
Education 3.0%
Food Sales 5.1%
Office 4.6%
8. Lifetime

DOE defines lifetime as the age at which typemaiomatic commercial ice maker
equipment is reted from service. DOE estimated equipment lifetime based on its discussion
with industry experts, and concluded a typica

proposed average equipment lifetime of 8.5 ye&diafice, No. 49 atp. 5) Hoshizaki agreed

*1 Rate calculated with 1972012 data. Data source: U.S. Federal Reserve (Last accessed February 20, 2013)
(Available at:www.federalreserve.gov/releases/h15/datayhtm

2 Small Business Administration data on loans between $10,aD838000 compared to AAA Corporate Rates.
<http://www.sba.gov/advocacy/7540/628Pata last accessed on June 10, 2013.
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that 8.5 years is a fair assumption for commercial ¢tybeice makersHowever, Hoshizaki

stated that continuous tyjpse makersmight have a shorter lifdHoshizaki, No. 53 at p. 2)

For the NOPR analyses, DOE elected to us@.ayear average life for all equipment
classes. With regard to the Hoshizaki statementctiratinuous type icenakersmight have
shorter life spans, DOE requestecificinformationto assist in determining whether continuous
and batch type equipmentahd be analyzed using differing assumptions for equipmentiife
literature on the subject of ice maker lifetimes reviewed by DOE, including comments received
during the Framework phase of this rulemakindicates a 7 to 10 year lifevith 8.5 yeardeing
a reasonable average. DOE therefore is proposing in this NOPR to use 8.5 geswsasic
commercialicemakdri f et i me f or DOEOG s altdn@ticeommadrcialsce s f or
makerequipment, but would welcome additional data concerning speldferences between

equipment classes.

9. Compliance Date of Standards

EPCA prescribes that DOfBustreview anddetermine whether tamend performanee
based standards foubetype automatic commercial ice makdrg January 12015. (42 U.S.C.
6313(d)(3JA)) In addition, EPCA requires that taenendedtandards established in this
rulemakingmustapply to equipment that is manufactumedor after3 years after the final rule

is publishedn theFederal Reqistarnless DOE determines, by rule, thatgear period is

inadequate, in which case DOE may extencdctimapliancedate for that standard by an
additional2 years.(42 U.S.C. 6313{)(3)(C)) DOE began tis rulemaking with the expectation

of completing itprior to the January 1, 2015 required daiad, therefore, assumddring the
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preliminary analysis thatew and amended standards would take effect in 20dwever, br

the NOPR analysesabed on thdanuary 1, 2015 statutory deadline and giving manufastGre
years to meet the new and amended standB@E assungthat the most likely compliance
date for the standardet by this rulemakingiould beJanuary 1, 2018Therefore, DOE
calculated the LCC and PBP fautomatic commercial ice makearsder the asumption that
compliant equipment would be purchase@®18, the year when compliance with tamended

standard is require@OE requestcomments oitheJanuary 1, 2018 effective date

10.BaseCase and Standar@zase Efficiency Distributions
To estimate the share of affecimgstomes who would likely be impacted by a standard
at a particular efficiency | evel, DOEG6s LCC a
efficienciesof equipmenthatcustomes purchase under the base case (ghahe case without
new energy efficiency standards). DOE refers to this distributi@guipmenefficiencies as a

basecase efficiency distribution

DOE6s met hodol ogy to estimate mar ket share
equipment class isased on an analysis of the automatic commercial ice makers currently
availablefor purchase by customers. DOE analyzed all available models, calculated the
percentage difference between the baseline energy usage embodied in the ice maker rulemaking
analysesand organized the available units by the efficiency levels. DOE then calculated the
percentage of available models falling within each efficiency level bin. This efficiency
distribution was used in the LCC and other downstream analyses as the bakeikmeef

distribution.
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11.Inputs to Payback Period Analysis
Payback period is the amount of time it takesciiiometto recover the higher purchase
cost of more energgfficient equipment as a result of lower operating costs. Numerically, the
PBP is the rao of the increase in purchase cost to the decrease in annual operating expenditures.
This type of <cal cul @BFRbecauseiitdoeknottakenntoaascouat s i mp |
changes in operating cost over tihe., as a result of changing cost of étagty) or the time
value of moneythat is, the calculation is done at an effective discount rate of zero p&B&d.
are expressed in yeaPBPs greater than the life of tleguipmenmean that the increased total
installed cost of the motefficientequipment is not recovered in reduced operating assr
the life of the equipment, given the conditions specified within the analysis such as electricity

prices.

The inputs to the PBP calculation are the total installed cost tugtemerof the
egupment for each efficiency level and the average annual operating expenditures for each
efficiency level in the first year. The PBP calculation uses the same inputs as the LCC analysis,

except that discount rates are not used.

12. RebuttabléPresumption Paytk Period

EPCA (42 U.S.C6295(0)(3(B)(iii)) and 63B(d)(4)) establiskda rebuttable presumption
thatanew or amendestandard areeconomically justified if the Secretary finds that the
additional cost to the consumer of purchasing a product complythgan energy conservation

standard level will be less than three times the value of the energy savings during the first year
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that the consumer will receive as a result of the standard, as calculated under the applicable test

procedure

While DOE examied the rebuttablpresumption criterion, it considered whether the
standard levels considered are economically justified through a more detailed analysis of the
economic impacts of these levels pursuant to 42 U.S.C. 6295(0)(&)(83@3(d)(4).The
results of this analysis sexvas the basis for DOE to evaluate the economic justification for a
potential standard level definitively (thereby supporting or rebutting the results of any

preliminary determination of economic justification).

H. Nationallmpact Analysig National Energy Savings and Net Present Value

The NIA assesses the NES and the NPV of total customer costs and savings that would
be expected as a result of the amended energy conservation standards. The NES and NPV are
analyzed at spdit efficiency levels(i.e., TSL) for each equipment class of automatic
commercial ice makers. DOE calculates the NES and NPV based on projections of annual
equipment shipments, along with the annual energy consumption and total installed cost data
from the LCC analysis. For the NOPR analysis, DOE forecasted the energy savings, operating
cost savings, equipment costs, and NPV of customer benefits for equipment sold from 2018
through 204@ the year in which the last standax@smpliant equipment is shippedrihg the

30-year analysis.

DOE evaluates the impacts of the amended standards by compariragabageojections

with standardsase projections. The basase projections characterize energy use and customer
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costs for each equipment class in the absehaay amended energy conservation standards.

DOE compares these basa&se projections with projections characterizing the market for each
equipment class if DOE adopted the amended standards at®ladkor the standards cases,

DOE a s s u me o ceaaidiim whichl equipment at efficiency levels that do not meet the
standard | evel under consideration would Ar ol
proposed standard level, aequipmenglready being purchased at efficiency levels at ovab

the proposed standard level would remain unaffected.

DOE uses a Microsoft Excel spreadsheet model to calculate the energy savings and the
national customer costs and savings from each TSL. The NOPR TSD and other documentation
that DOE provides durinthhe rulemaking help explain the models and how to use them, and
interested parties can review DOEOGs anal yses
spreadsheet model uses average values as inputs (as opposed to probability distributions of key

input parameters from a set of possible values).

For the current analysis, the NIA used projections of energy prices and commercial
building starts from thAEO2013 Reference Case. In addition, DOE analyzed scenarios that
used inputs from thAEO2013 Low Economic Growth and High Economic Growth Cases.
These cases have lower and higher energy price trends, respectively, compared to the Reference

Case. NIA results based on these cases are presented in chapter 10 of the NOPR TSD.

A detailed description of therocedure to calculate NES and NPV, and inputs for this

analysisare provided in chapter 10 of the NOPR TSD.
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1. Shipments

DOE obtained data from AHRl andlS.Census Bureauds Current
(CIR) to estimate historical shipments for automaticymercial ice makers. AHRI provided
DOE with automatic commercial ice mak&hnipment data for 2010 describing the distribution of
shipments by equi pment class and by ha+t+vest
year history of total shipments frv2000 to 2010. Additionally, DOEollected totahutomatic
commercial ice makeshipment data for the period of 1973 to 2009 from the CIR. DOE
reviewed the total shipments in the AHRI and CIR data, and noted that theiRed
shipments were consistgnhigher than the AHRteported shipments. DOE coneidd the
possibility that these discrepancies were associated with net exports. However, the CIR data
presenedexpors as a percentage of total production at a lagél of industryaggregationthus
making itimpossible to identify ice maker expo#s a percentage of ice maker productOE
requested input to aid in understanding the differences between the AHRI and CIR shipments
data. DOE identified one source with identifiable export informattmaNorth American

Association of Food Equipment Manufacturers (NAFEM). NAFEM data for two recent calendar

years (2007 and 2008) showed approximately 20 percent of total ice maker shipments associated

with food service equipment as exports. Applying g@ent export factor to the CIR

shipments data brought the CIR data into approximate agreement with the AHRI data.

For the preliminary analysis, DOE relied on the CIR shipment values, reduced 20 percent
for exports. Using adjusted CIR dalXOE created a rolling estimate of total existing stock by

aggregating historical shipments acrogsy®ar historical periods. DOE used the CIR data to

189

N



estimate a time series of shipments and total stock for 1994 td 2006e time of the analysis,
the last year of data available without significant gaps in the data due to disclosure limitations.
For each year, using shipments, stock, and the estim&gead life of the equipment, DOE
estimate that, on average, 14 percent of shipments were forimgallationsand the remainder

for replacement of existing stock.

DOE then combined the historical shipments, disaggregated between shipments for new
installationsand those for replacement of existing stock, and the historical stock values with
projectionsof new construction activity frorAEO2011to generate a forecast of shipments.

Stock and shipments were first disaggregated to indivitusihesdypes based on data
developed for DOE on commercial ice maker sto¢Rshebusinessypes and share of stock
represented by each type are shawmhablelV.27. Using a Weibull distribution assuming
equipment has an average life80b years and lasts fromtb 11 years, DOE developed &30

year series of replacement ice maker shipments. Using the base shipments to new equipment, and
yearto-year changes in new commercial sector floor space additionsMiEip2011, DOE
estimated shipments for new constructi@for the NOPR, DOE is usirEO2013projections

of floor space additiong.he AEO2013 floor space additions by building type are shawn
TablelV.28.) The combination of the replacement and new construction shipments yields total
shipments. The final step was to distribute total sales to equipment classes by multiplying the
total shipmerg by percentage shares by clasblelV.29 shows the percentages represented by
all equipment classes, both the primary classes modeled exphcalyNOPR analyses as well

as the secondary classes.

%3 Navigant Consulting, IncEnergy Savings Potential and R&D Opportunities for Guwrrial RefrigerationFinal
Report, submitted to the U.S. Department of Energy. September 23, 2009. Page 41.
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Table 1V.27 BusinessTypes Included in Shipments Analysis

-~ Building Type asPercent
Building Type of Stock
Health Care 9%
Lodging 33%
Foodservice 22%
Retail 8%
Education 7%
Food Sales 16%
Office 4%
Total 100%

Table IV .28 AEOQ2013 Forecast of NewBuilding Square Footage

New Construction
million ft 2
Year Health . . . . Food )
Care Lodging | Foodservice| Retail Education Sales Office
2013 66 147 30 276 247 21 173
2018 67 164 50 424 208 35 409
2020 65 178 48 407 197 33 452
2025 63 181 48 442 169 33 392
2030 71 150 54 508 191 38 273
2035 73 207 56 522 228 39 412
2040 76 190 56 562 252 39 405
Annual
Growth
Factor, 2.4% 2.5% 2.4% 2.5% 1.7 2.3% 2.1%
2031
2040

Table IV .29 Percent of Shipped Units of AutomaticCommercial Ice Makers

Equipment Class Pgrhcigrrﬁzgtesof
IMH -W-SmallB 4.54%
IMH -W-Med-B 2.90%
IMH-W-LargeB 0.48%
IMH-A-SmallB 27.08%
IMH-A-LargeB 16.14%
RCU-SmallB 5.43%
RCU-RC/NC-LargeB 6.08%
SCUW-SmallB 0.68%
SCUW-LargeB 0.22%
SCU-A-SmallB 13.85%
SCU-A-LargeB 6.56%
IMH-W-SmallC 0.68%
IMH-W-LargeC 0.17%
IMH-A-SmallC 3.53%
IMH-A-LargeC 1.07%
RCU-SmallC 0.83%
RCU-LargeC 0.87%
SCUW-SmallC 0.15%
SCUW-LargeC 0.00%
SCU-A-SmallC 8.75%
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SCU-A-LargeC 0.00%

Total 100.00%

Source: AHRI, 2010 Shipments data submitte
to DOE as part of thimilemaking.

Comments related to shipment analysis received duringaheuary 201preliminary

anal ysis public meeting are | isted below al on

AHRI, in response to DOE's question about inconsistencies between AHRI and CIR data,
indicatedit hasfound discrepancies and thhese discrepancies relatete way manufacturers
report to the Census BureadHRI stated that somesidential ice makemnay belumped into
the Census Bureau dafsHRI stated that it isonfident inits data and would trust &s
compared tahe Census Bureau data. (AHRI, Public Meeting Transcript, No. 42 at pAHBY)
commented that ivelieves the historical shipmemsmberst provided to DOE are more
consistent in terms of product definitions and other factors than the Census Bureau shipments.
(AHRI, No. 49 at p. 6)n response to a question by NPCC, Manitowoc indicated that while the
automatic commercial ice makergrket was still a little below historical levels, it was
recovered from 200Manitowocstatedthe product mix calculated by DOE isyaretty good
snapshot, but there are shifts over time between batch and continuous types. (Manitowoc, Public
Meeting Transcript, No. 42 at p. 147) Howe recommeddsing the Census Bureau shipments
data because it is more encompassing. (Howe, No. 51 at p. 4) HostétalAHRI shipment
data could be skewed by models not sold in AHRI model class or manufacturers tbat do n
participate with AHRI, but more information is needed to evaluate this issue. (Hoshizaki, No. 53

atp. 2)

192



Il n response to AHRI 6s comments about the Kk
the lesswell-known consistency of the Census Bureau data, Bi®é&ied to use the AHRI
historical data for the DOReferenceCase projections. As noted by Howe and Hoshizaki, the
Census Bureau data could reflect broader coverage of all manufacturers. Thus, DOE configured
the NIA model such that consistent scenaras lse modeled with either AHRI or Census
Bureau data. With respect to the Manitowoc comments, DOE appreciates that the product mix
represents a good snapshot. With respect to changing the mixidgO&stadditional data
concerning trends, in the abseméevhich, DOE will by necessity hold the product mix static in

the forecast.

2. Forecasted Efficiency in the Base Case and Standards Cases

The method for estimating the market share distribution of efficiency levels is presented
in sectionlV.G.10, and a detailed description can be found in chdgief the NOPR TSDTo
estimate efficiency trends in the standards cases,IDOE s -ap @ r ® dndtsstandards
rulemakings. Under the rellp scenario, DOE assumes that equipment efficiencies in the base
case that do not meet the standard | evel unde
level that just meets the proposstdndard levelrad equipment already being purchased at
efficiencies at or above the standard level under consideration would be unaifatiedV .30

shows the slpimentweighted market shares by efficiency level in the =s® scenario.

Table IV .30 Shipment-Weighted Market Shares by Efficiency Level, Base Case

Equipment Class Market Share by Efficiency Level
Levell | Level2 | Level3 | Level4 | Level5 | Level 6 | Level 7

IMH-W-SmallB 39.1% 26.1% 23.9% 10.9% 0.0% 0.0%
IMH-W-Med-B 69.0% 16.7% 11.9% 0.0% 2.4%
IMH-W-Large B

IMH-W-LargeB-1 71.4% 0.0% 4.8% 23.8%

IMH -W-LargeB-2 33.3% 50.0% 0.0% 16.7%
IMH-A-SmallB 37.0% 31.5% 25.9% 5.6% 0.0% 0.0% 0.0%
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